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Foreword

Since Congress established the Development Fund farork has significantly expanded the body of knowledge
Africa (DFA) in 1987, the U.S. Agency for International now available on the impact of technology systems in
Development (USAID) has been challenged to scrutinizéfrica. And, it has provided a number of useful lessons
the effectiveness and impact of its projects in Africa andboth in terms of how to get the most out of technology
make needed adjustments to improve its developmebased programs and how to organize and conduct
assistance programs. At the same time, structural adnpact assessments.

justment reforms have been adopted by many sub- This synthesis report underscores the point that
Saharan African countries with some progress in matJSAID, African Government and other donor funding
ket liberalization. in technology based programs in Africa has been a wise

As donor agencies face severe cutbacks and rese of scarce resources. The findings also point out that
structuring, and less assistance becomes available riwore could have been achieved through more efficient
developing countries (not just in sub-Saharan Africa)targeting of resources. In sum, much remains to be
new ways must be found to channel declining resourcetone to improve the technology systems in Africa,
to their most effective and productive uses. The USAIlDOncluding building partnerships among the public and
Africa Bureau's Office of Sustainable Development,private sector to build on the advances made in liberal-
Productive Sector Growth and Environment Divisionizing markets. In sum, the report provides useful input
(AFR/SD/PSGE) has been analyzing the Agency’s apinto the dialogue on future directions and strategic
proach to the agricultural sector in light of the DFA andchallenges for technology systems in Africa. It provide
the experience of recent policy reform programs in sukinsight to better understand where we have been, where
Saharan African countries. we are now, and challenges that lie ahead.

Improving the quantity, quality and range of tech- A special thanks needs to be extended to the authors
nology available and used can provide an opportunity foof this report for their work, as a team, in reviewing the
low-income producers and consumers to improve theiindings of the many reports and studies reflected in this
real income, create private sector based jobs in provideport and for developing this publication. Without their
ing support services for rural enterprises, and sustajpint professionalism and commitment this report could
the use of natural resources. This report is a synthedigve never been completed. In addition, the many au-
of numerous studies and field work experience in buildthors of individual studies, a majority of which are
ing capacity in Africa to do impact studies to inform ourAfrican, need to be acknowledged. Individually and
understanding of how well the technology based activijointly they have made a major contribution to our
ties have performed. understanding of technology systems in Africa.

The Africa Bureau supported work on better under-  SD/PSGE believes that this report will be useful to
standing the impact of technology based programs wddSAID field mission and many others in Africa, provid-
initiated in the early 1990s. The early studies completeihg insights, ideas and approaches to food security
by Michigan State University through the Food Securitystrategies and agricultural sector activities.

Program provided the foundation for USAID to better

understand the impact of its past investments. Sind@avid A. Atwood, Chief

then, much has been achieved through the efforts éfroductive Sector Growth and Environment Division
INSAH and Purdue University in West Africa, SACCAR Office of Sustainable Development

in Southern Africa, and ASARECA in East Africa in Bureau for Africa

institutionalizing the concern for understanding impactJ.S. Agency for International Development

and building the skills needed to conduct studies. This
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Executive Summary

Most sub-Saharan Africans depend on agriculture fofrancophone West Africa, irrigated sorghum in Sudan,
their livelihood. Improving the welfare of the next striga-resistant sorghum throughout much of Africa,
generation of Africans thus requires sustainable techiobacco, tea and coffee all provide examples of how
nical change in agriculture. TDT has been able to contribute significantly to
Africa has neglected agriculture and agriculturalAfrican agricultural production.
technology development and transfer (TDT) over the  Aggregate evidence shows that Africa’s agricul-
past twenty years. Agricultural production per capitaural decline was dramatic, but limited to the period
declined by 22% from 1971 to 1984, and the share dfetween 1971 and 1984. For example, after 1984
African government spending devoted to agriculturathere is a sustained improvement in cereal yields in all
TDT declined by 37% from 1971 to 1991. parts of the continent: fueled primarily by yield in-
Was the decline in African agriculture due to thecreases, in the decade from 1984 to 1993 Sahelian
inherent hostility of the African environment, making grain production doubled; throughout sub-Saharan
the continent basically unsuitable for agriculture? ThigAfrica grain production increased at a rate of about 3
view might justify abandoning agricultural TDT, in percent per year. These changes are not an artifact of
favor of investment in other sectors. But there ighe droughtin parts of Africa in 1984: they are fueled
overwhelming evidence that Africa’s agricultural de-primarily by sustainable increases in yield, attributable
cline during the 1970s and early 1980s was not duat least in part to successful agricultural research.
to the continent’s climate or geography, but rather tddecomposing recent measurements of African agri-
its unique demographic and political conditions—ancdcultural growth suggests that up to one-third of the
that Africa’s limited TDT efforts did have a substan-growth in aggregate agricultural productivity is attrib-
tial impact in limiting the damage inflicted by these utable to past investments in agricultural research.
problems. This roughly corresponds to a contribution of agri-
This document provides a synthesis of nearly aultural research to economic growth of 1/4 of a
decade of socio-economic studies, conducted by jercentage point: in other words, in the absence of
number of scientists funded from a variety of sourcesagricultural research African economies would have
quantifying the impacts of TDT, institutionalization grown 1/4 point slower than they actually did.
of impact assessment, and needed innovations in A compilation of case studies quantifying RORs
African agricultural TDT. The document follows to African agricultural TDT confirms these aggregate
from a roundtable discussion held in Washingtorfindings. RORs to African agricultural research are
D.C. in January 1997. similar in magnitude to those found in other parts of
Despite roadblocks and neglect, the emergenthe developing world. Of the 27 RORs to past invest-
picture from recent quantitative studies is one oifments in agricultural TDT, 21 show RORs in excess
considerable success in African agricultural TDT.of 12 %. Detailed investigation into the six lower
Perhaps the most widely known success story is th&®ORs suggest that researchers had not yet found the
of hybrid maize in southern Africa, beginning with right mix of activities to produce cost-effective solu-
SR52 released in Zimbabwe (then Southern Rhoddions in challenging agro-ecological environments.
sia) in 1960. Less well known is the continued sucExamining the future potential impact of innovations
cess in recent decades of maize TDT in developingecently released or still in the development stage, 24
varieties for use in areas with short rainy season®f 30 forward-looking RORs show expected returns
low soil nutrient levels, and the adoption and use oin excess of 12%. These are outstanding returns on
these varieties throughout the continent. Cotton innvestment by any criterion.
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The studies do not paint an unequivocally rosy@ Strengthening institutions to improve the mobili-
picture of African agricultural TDT. Success has  zation and allocation of TDT resources.
often come through the painstaking work of under# Utilizing complementarities between trade,
paid scientists working around the system, rather growth, and agricultural innovation.
than through institutional procedures that contribute  Several striking conclusions can be drawn from
to research success. Lack of prioritization, low salathis review of the literature and follow-up discussion:
ries, negligible operating budgets, low staff moraleM No agricultural economy has developed in the
and high turnover, and a host of other problems absence of technical innovation in agriculture.
plague African TDT institutions. Institutional innova- B African agricultural TDT has had impact across
tion could greatly increase the efficiency of invest-  a variety of countries, commodities, and agro-
ments in agricultural TDT. climatic conditions.

Critical issues to be addressed by TDT institu-l There is institutional failure in African national
tions that can be informed by future TDT impact  agricultural TDT systems.

assessment include: B Donors and African national governments have
B Defining and sequencing a research agenda for failed to invest adequate levels of resources in
resource-poor areas. agricultural TDT.
B Allocating effort between subsistence and com# Agricultural TDT is critical to the future of broad-
mercial farming. based improvements in the welfare of African
B Utilizing relationships between technical change  people.
and market development. It is now up to African governments and donors
B Creating institutional innovations for improved to invest according to their vision of 21st-century
TDT efficiency. Africa.

B Determining appropriate funding levels.
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ADP
AFTAG
ANR
ASARECA

CIMMYT
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CMDT

CRSP
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FAO
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agricultural development project

African Technical Advisory Group

agriculture and natural resources

Association for Strengthening Agricultural Research in East and Central Africa

International Center for Wheat and Maize Improvement

Centre de Coopération International en Rescherche Agronomique par le Develloppement
Compagnie Malienne pour le Developpement des Textiles (Malian Company for the
Development of Textiles)

Collaborative Research Support Program

Department of Reserch and Specialist Services

Food, Agriculture, and Natural Resources

Food and Agricultural Organization (United Nations)
Food Security Il (USAID / MSU cooperative agreement)
farming-systems research

impact assessment

International Agricultural Research Center

International Crops Research Institute for the Semi-Arid Tropics

Institute of Rural Economy - Mali

Institut d'Etudes et de Recherches Agricoles (Institute of Studies of Agricultural Research)
(Burkina Faso)

Institut National de Recherches Agricoles du Niger (Nigerien National Institute of Agricultural
Research)

Institut du Sahel (Institute of the Sahel)

internal rate of return

International Service for National Agricultural Research

Institut Senegalais de Recherches Agricoles (Senegalese Agricultural Research Institute)

Kenya Agricultural Research Institute

monitoring and evaluation
Michigan State University

national agricultural research institution
National Agricultural Research System(s)
nongovernmental organization

natural resource management
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Southern Africa Center for Cooperation in Agricultural Research and Training
Southern Africa Development Committee

Semi-Arid Food Grain Research and Development
Sorghum and Millet Improvement Program
Special Program for African Agricultural Research

technology development and transfer
total factor productivity

U.S. Agency for International Development
U.S. Agency for International Development / Washington, D.C., headquarters
U.S. Department of Agriculture



1. Context

Most sub-Saharan Africans depend on agriculture fodifficult agro-ecological environment, characterized
their livelihood. Improving the welfare of the next by large areas with low and variable rainfall and
generation of Africans thus requires sustainable agriimited irrigation potential, and other areas with di-
cultural development—that is, sustained improvementserse agro-climates within a small geographic area.
in the productivity with which the human and naturalHowever, this was also because the continent was
resources employed in agriculture are used. Agriculjust emerging from colonial rule in the 1960s and
tural and natural resource (ANR) technology develbecause with relatively abundant land there rarely
opment and transfer (TDT) plays a key role in thiswere large-scale food shortages. It was not until after
process (Ruttan et al. 1987). Without technical innothe acceleration of African population growth, as well
vation in agriculture, it is almost a surety that mostas the Sahelian droughts and world food crisis of
African economies will not be able to generate thel973-1974, that food crops in Africa became a re-
surplus needed to sustain higher rates of economgearch priority.

growth. With few historical guideposts, scientists work-

African development policy has, at times, ne-ing on Africa’s food crops and livestock in the 1970s
glected agriculture and agricultural TDT. In the co-did not always immediately identify the most suc-
lonial period, the perception was that small-scaleessful research strategies. Breeding and agronomic
agriculture took care of the food crops and couldrials were often conducted in higher-rainfall areas or
expand area when demand increased. Output increasexder irrigation. The principal response to weather
would lead to price collapses due to the inelasticisk was the search for shorter cycle cultivars, which
demand. The export crops were taken care of bgccurred over all the semiarid regions in the 1970s
special public programs and often specific instituteand 1980s. Agronomic and varietal ecommendations
financed by producer taxes. As land area expansiooften failed to account for agro-ecological differ-
has become more difficult, the attitude towards foodences in a country, making them inappropriate for
crops has had to be reevaluated. Moreover, researcmost farmers. Limited knowledge of local conditions
and price incentives for export crops have often beedrove a shift toward farming systems research, sim-
neglected. Hence, both food crop and export sectogdy to understand farmers’ practices, so that appro-
have frequently stagnated. priate techniques could be developed.

Following the independence of most African na-  Despite some initial roadblocks and growing pains,
tions in the early 1960s, misplaced optimism thascientists have been able to generate advances in
Africa could skip over agricultural development andagricultural techniques and inputs that have made
proceed immediately to industrialization caused undersignificant contributions to African agricultural pro-
investment in agriculture. Perceptions of substandarductivity and production. Perhaps the most widely
performance by investments made in the agriculturdknown success story is that of hybrid maize in
sector perpetuated this underinvestment through th®outhern Africa, beginning with SR52 released in
1980s and early 1990s. These perceptions resultefimbabwe (then Southern Rhodesia) in 1960. Less
from some very real concerns, such as rapidly inwell known is the continued success of maize TDT
creasing agricultural imports (Figure 1.1), as well asn developing varieties for use in areas with short
more subjective issues such as the lack of a noticeainy seasons, low soil nutrient levels, and the adop-
able green revolution in Africa. tion and use of these varieties throughout the conti-

The Asian and American green revolution by-nent (see, for example, Gilbert et al., 1994 or Byerlee
passed Africa. This was partly because Africa has and Eicher, forthcoming). Cotton in francophone



Figure 1.1. African Agricultural Production Per Capita,
and Gross Exports and Imports
Index Numbers (1979-1981=100), 1961-1995
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West Africa, irrigated sorghum in Sudan, striga-  This documentd) provides a synthesis of what is
resistant sorghum throughout much of Africa, to-known about the results of agricultural TDT programs
bacco, tea, and coffee all provide examples of hovin Africa and p) defines an agenda for action over the
TDT has been able to contribute significantly tocoming decade. The document is intended to stimulate
African agricultural production debate among analysts, policymakers, donors, and Af-
The emergent picture is one of considerable suaican governments about funding, priorities, and ex-
cess in African agricultural TDT, despite the diffi- pected outcomes. The remainder of the document is
culty of the tasks that have been faced. This succestivided into three parts: Chapter 2 reviews the evidence
not withstanding, there are sobering issues about the date on effectiveness and impacts of TDT programs,
effectiveness with which national and regional sys-Chapter 3 reviews experience with institutionalizing
tems conduct TDT activities, and their efficiency inimpact assessment (IA) and integrating IA activities
translating innovative techniques into broad-basedvithin African research and policy-making institutions,
social impacts. Any serious attempt to improve Afri-and Chapter 4 concludes by identifying a strategic
cans’ welfare through investment in agricultural TDTagenda for future IA activities.
must confront these issues.



2. Evidence to Date

summarized in a supply curve, and all its benefits are
summarized in a demand curve. The area between the
supply and demand curves is known as economic
2.1.1. Types of Impacts Measured surplus, which may be divided into “consumers’
surplus” (between the demand curve and the price
Agricultural technology development and transferlevel) and “producers’ surplus” (between the supply
(TDT) affects virtually all aspects of the economy,curve and the price level). Research or other public-
from short-run changes in export/import volumessector intervention can shift these curves, thus chang-
and domestic prices, to long-run changes in healtihg consumer and producer surplus.
and nutrition, employment, institutional development,  Consumers’ surplus measures the benefits to
and economic growth. Each of these TDT impactgonsumers of the purchase and consumption of ag-
could be addressed separately to identify the specifiécultural products at a specified price—usually the
effects of any particular TDT program. For example market price. These benefits occur because the in-
research on food crops in deficit areas could berinsic value to consumers of the products exceeds
expected to reduce imports and improve nutritionwhat they pay for the products (except at the mar-
while research on cotton might be expected to ingin). Successful TDT affects consumers’ surplus by
crease export earnings and nonfarm employmentowering the market price and increasing the quantity
Specific impacts of each research program can bsupplied to the market. The poorest of the poor—
documented where local decision-makers need thosaral smallholders who are net purchasers of food—
details for use in guiding their work. But it is also are helped by lower food prices and increased quan-
important to look across different kinds of agricul-tities available, as are urban consumers. Thus,
tural TDT programs and compare them with alternaconsumers’ surplus captures the benefits of improved
tive public-sector activities in other sectors such asutrition due to increased consumption of foodstuffs.
transport, education, health, and environment. More importantly, for staple foods, consumers’ sur-

To examine the overall contribution of TDT ac- plus captures the benefits to consumers of lower
tivities to a country’s standard of living and economicfood prices. These benefits include the ability to
growth rate—which quantifies the aggregate impacteallocate income previously spent on food to other
of TDT on people—we must add up many differentneeded items, such as health care or sanitary housing.
kinds of impacts using a common yardstick. This isThus, consumers’ surplus is a complex measure that
done by assessing the monetary value of each changaptures many of the improvements in humanitarian
caused by TDT, in terms of itsocial opportunity objectives arising from successful agricultural TDT.
costs or what it would cost to achieve that effect  Producers’ surplus measures the benefits to pro-
using other kinds of interventions. In this way, theducers of increases in productivity and production.
monetary value of costs and benefits from alternativdhe change in producers’ surplus is equivalent to the
investments can be assessed on a common scale, &range in net farm incomes arising from the produc-
comparison and priority-setting. tivity increase.

A range of possible methods can be used to Using economic surplus to measure the value of
measure economic costs and benefits, but in practiceBDT or other investments is popular because it ex-
the economic value of changes caused by researghoits readily available data on prices and quantities to
are most often evaluated using a “partial equilibrium”permit reliable comparisons of overall costs and ben-
approach in which all the costs of production areefits, without having to investigate each specific ef-

2.1. EVIDENCE ON IMPACT




fect in detail. The resulting overall “price tag” should 1971-84 period must have been due to causes other
be supplemented with detailed evidence on specifithan rainfall.
effects whenever policymakers are interested and the Some clues as to the nature of agricultural stag-
data can be made available. nation are provided by U.S. Department of Agricul-
Research programs, like other government acture (USDA) data on average cereal-grain yields.
tivities, typically involve making short-run invest- Figure 2.1 shows the data separately for all sub-
ments to create longer-term benefits. The internaSaharan Africa, West Africa, and the Sahel from
rate of return (ROR, also known as IRR) concept is1960 to 1995, in order to demonstrate the common
used to summarize that year-to-year stream of costsend even in the driest area where yields are lowest.
and benefits using a single number, which is theDuring the 1960-95 period, the continent, region, and
percentage “interest rate” earned on the initial investsubregion show somewhat different year-to-year
ment in returning the longer-term benefits. Thusyariation, but a strikingly similar 20-year period of
ROR results can be compared directly with otherield stagnation from 1964 until the data’s lowest
kinds of interest rates, particularly the rates paid fopoint in 1984. Most remarkably, after 1984 there is a
loans or received from other investments. The RORustained improvement in yields through 1995 in all
is perhaps the most useful single number summarizhree areas.
ing the efficiency of investment in agricultural TDT Total production, shown in index-number terms
and is a useful tool for policy decisions regarding theon Figure 2.2, is a result of both yields and area.
level of investment in agricultural TDT. Again, USDA data show a break after 1984, which is
most dramatic for the Sahel. All three areas had an
2.1.2. Impacts to Date: Aggregate Evidence approximately 50 percent increase in total cereal grain
production from 1960 to 1984. In the following
Before turning to ROR results measuring the ecodecade, Sahelian production doubled, while smaller
nomic value of research, it is useful to survey moréncreases were registered in the rest of Africa.
direct evidence of its effects. Although countries’ Clearly, there are many reasons why Africa’s
individual experiences are highly complex and un-agricultural decline ended in the mid-1980s. Policy
even, a clear pattern emerges from aggregate dateforms associated with structural adjustment pro-
Food and Agriculture Organization (FAQO) data revealgrams are clearly important, as is improved rainfall in
that in the 1960s production, exports, and importsome regions, reduced population growth, and rela-
performed relatively well (Figure 1.1). From 1971 totive political stability. But Africa’s success in increas-
1984, agricultural production per capita fell consis-ing average cereal yields also points to an untold story
tently, for a cumulative decline of 22 percent, fromof successful technology development and transfer,
an index value of about 115 in 1971 to a value of 9@&s farmers have adopted increasingly productive seed
in 1974. The fall in per capita production translatedvarieties and production techniques.
into a much larger proportional change in decline in Some of the increase in crop yields after 1984
exports and rise in imports, as the volume of agriculdocumented in Figure 2.1 is due to the more intensive
tural exports fell over 40 percent, and the volume ofise of existing technologies made possible by policy
agricultural imports more than tripled. reform. But some of it is also due to the release of
Africa’s agricultural decline was dramatic but new varieties and new techniques developed by Af-
limited to the period between 1971 and 1984. Theican National Agricultural Research Systems (NARS)
onset of the decline can perhaps be linked to thend their overseas partners. As with Rhodesia’s crash
Sahelian drought of 1972 and 1973, and its end may
be linked to good rainfall in Southern and Eastern
Africa in 1985. But Africa as a whole did not expe- ) ) ) ,
. . . . * For details on the recent history of Africa’s cli-
rience a prolonged drought during this whole period.*

i : . " mate, see Nicholson, Kim, and Hoopengarner (1988) and
Sustained agricultural weakness during the entirge Houérou, Popov, and See (1993).




Figure 2.1. Average Cereal Yield in Africa, West Africa,
and the Sahel, 1960-1995
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program to develop drought-tolerant maize hybridsprograms facing heavy criticism as well as those seen
which began in 1966 and released R201 and R215 k& successful, and they include a broad cross-section
years later, crop breeding programs typically take &f the major types of research programs. Our com-
decade or more to produce results. Across Africapilation confirms that returns to research in Africa are
the fruits of the research programs initiated after theimilar to those found elsewhere, showing high pay-
1973-74 food crisis began to reach farmers only imffs for a wide range of programs. The contribution

the mid-1980s. of research to agricultural performance and eco-
nomic growth is not easily visible, since it occurs

2.1.3. Impacts to Date: Rate-of-Return gradually and is spread widely across the population,

Evidence but careful investigations generally find the net ben-

efits to be significantly larger than the funding pro-
To assess the contribution of research to Africa’svided. Perhaps the most striking result of this com-
agricultural recovery and economic growth, it ispilation is that, of the 27 estimated RORs found in the
helpful to proceed on a case-study basis, with IAs ofiterature, only 7 are below 12 percent—and the costs
individual research programs. The research prograntf these relatively poor performances would be more
evaluated in these studies may not be a randomman offset by the numerous cases of very high
sample of research activity. They do, however, covereturns.



Figure 2.2. Cereal Production in Africa, West Africa, and the Sahel
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A second striking result from our compilationisthat ~ Perhaps the most compelling hypothesis for the
the research failures are often—but not always—in theelative failure of past progams in some low-yield
most difficult agroecological regions. Several competareas is simply that researchers had not (yet) found
ing hypotheses could explain this result. The first andhe right mix of activities to produce cost-effective
perhaps dominant view is that payoffs tend to be lowesolutions for these environments. Researchers have
in lower-potential areas because the environment’s lowad to develop entirely new strategies, having slowly
reserves of soil and water limit any possible productiomliscovered the limited transferability of the methods
increases. A second and more nuanced view is thdeveloped earlier in the Americas, Europe, and Asia.
those productivity-enhancing innovations which are disDespite Africa’s late start, there is evidence that
covered in these regions are limited in their applicabilityhigher-impact innovations are emerging, as research-
due to the diversity of micro-environments found iners gain experience working in these zones. In sum,
low-rainfall areas. But neither of these hypotheses ithe relatively low level of returns achieved to date in
consistent with the sustained yield increases observebme difficult environments does not imply that re-
for the Sahel as a whole shown in Figures 2.1 and 2.2earch should move away from these areas—but
This evidence suggests that sustained productivitgnly that new kinds of innovation are needed. To the
growth in very dry regions is not only possible but alscextent that people must continue to live in these areas,
applicable to a relatively large and varied area. and will continue to rely on their meager agricultural



resources to survive, research-driven productivitythat are sustainable for at least three decades.
growth can make major contributions to their real  Dalton and Masters (1997) present a more for-

incomes. mal definition of sustainability of a sequence of inno-

vations. They formalize and provide the seminal ap-
2.1.4. Impact to Date: Socio-Cultural- plication to Africa of the idea that sustainability can be
Environmental Impacts defined not in terms of any single technique, but

relative to a sequence of innovations and innovative

Since the economic quantification of benefits implic-practices that eventually lead to higher and possibly
itly incorporates many sociocultural impacts, such asustainable yields. An application to sustainability of
the value to consumers of lower prices that allowsoil moisture and nutrients in southern Mali shows
them to purchase a higher level of nutrition for theirthat a sequence of individually unsustainable innova-
children, only a few case studies have explicitlytions can in fact be sustainable (Box 2.2).
guantified such results. One such example is the Lilja
and Sanders (1996) study of cotton technology i2.1.5 Projected Future Impacts
Mali, which found that technical innovation can de-
crease womens’ incomes even when household inFo examine the potential impact of current and future
come rises (see Box 2.1). The impact of this incomd@DT, ex-ante RORs are often calculated based on
fall on health and nutrition is not yet known. projected expenses and benefits. The disadvantage of

A second set of issues surround the ideas dhe ex-ante approach is that research is an inherently
sustainability. The relatively long time frames re-uncertain process, and it is often difficult to make
quired for impact assessment (IA) of investments iraccurate projections of adoption, use, and impact, par-
TDT suggests that careful investigation should revedicularly in changing socioeconomic conditions. The
the beginnings of impacts on sustainability. Unfortu-advantage of the ex-ante ROR is that when care is
nately, there is not yet a widely accepted definition oexercised in the projections, this method allows more
sustainability (see Batie and Taylor, 1991). Long-accurate prognostication about the relative impacts of
term yield trends do not show evidence of deterioratengoing or nascent TDT activities than does simple
ing growth. Interestingly, some of the more successextrapolation from historical record as quantified by ex-
ful maize innovations in the past three decades hay@mst RORs. The Uganda case study provides an ex-
involved extending the area on which maize can bample (Table 2.2). The ex-post RORs to Ugandan
grown by breeding for low-moisture conditions by oilseed activites are negative, reflecting the large up-
developing earliness for drought escape and thereldyont cost of reconstructing much of the research
enabling maize to enter areas that are traditionallinfrastruture, institutions, and results that were de-
millet and sorghum producers. The sustainability oftroyed during the 1980s, and the short time since then
maize farming under low-input conditions is unclear.in which to generate new results, see them adopted, and
A second interesting example is that of Kenyan wheatchieve impact. Projected or ex-ante RORSs that include
Makanda and Oehmke’s (1996) analysis of nationathe future benefits of current activities are likely to be of
data suggests that yield growth is faster since 196Much more use for investment decisions. More gener-
than in the prior 40 years, although the causes of thily, the vast number and magnitude of socioeconomic
higher growth rate are indeterminate. Wheat in Kenyahanges in Africa—considerable time and expense has
is often grown on somewhat fragile soils, can bebeen invested in strengthening African national and
subjected to severe rust attacks, and is often used iagional TDT organizations, many African countries
a rotation pattern. Itis thus possible that monocroppebave recently undergone some sort of strucutral adjust-
wheat yields might be less sustainable, but that witlment and/or devaluation experience, the world has en-
continual research to maintain rust resistance, thgaged in free trade agreements, South Africa has en-
Kenyan farming systems have incorporated wheat ifranchised the majority, etc.—suggest that continued
a manner that allows for significant yield increasesnvestment in research should be based on TDT agendas
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that consider these issues in their design and attempt to 5 hnol q

generate impacts accordingly. The ex-ante approach isW BO),(I 1. Te_CAnOEOgy arll ;
designed to project impacts consistent with current and omgns n(flf)mﬁ' In X'aml\s)l el' rom
anticipated future conditions, and so is particularly suited otton Technology in Mali

for informing investment decisions. Moreover, ex-ante Farm households in the Sahel are among the

results may be most appropriate for addressing Conargest in the world. Over a hundred people
cerns such as the sustainability of resources and remay live in a single compound, walking several
source use in the 21st century. kilometers to outlying fields and grazing areas.
Typically, an older man manages a set of
“household” plots, while his wives and other
relatives—both women and men—Iabor on

2.2. LESSONS LEARNED those fields and also cultivate “private” plots
for food and other personal and living expenses.

_ _ Advocates of women'’s rights argue that
This section focuses on new lessons learned fromsome technical change to intensify production

recent IA studies. The particular lessons are chosemn the common plots can harm the women and
both because the issues addressed are important ¥ounger men, as they may not be sufficiently
future investment in African agricultural TDT and Ccompensated for the increased labor required
because the ROR studies have significant contribu-Of them. This could be the case if women had

. K d ina th _ to divert their labor away from their private
tions to make toward resolving these Issues. plots in order to meet the increased demand

o _ for labor on the communal field.
2.2.1. Technology for Semi-Arid Regions Research in the cotton-producing areas of
Mali (Lilja and Sanders, 1996) has shown that
There is currently a debate about whether to invest irfome such exploitation does in fact occur.
“high-potential” areas with good rainfall and satisfac- There is typically compensation associated with

| . i-arid and increased work on the common fields, but its
tory solils, or In semi-arid and resource poor areas, , e s significantly less than the cost of re-

Breeding and other agricultural research activitiesquced production on private plots that results
have demonstrated the most success in semihumiftom reduced labor availability. The design of
areas and with some crops such as rice in humiduture research agendas may wish to reflect

areas. The IA work sheds light on some interestingthiS iSsue, possibly by packaging some sort of

issues related to investment in semi-arid areas. socioeconomic component into the extension

. . L ... of the technical innovation.
Traditional breeding activities have had limited im-

pact in semi-arid areas in the absence of irrigation or

other investment in soil fertility and moisture. For ex-  Emerging work suggests that investments in natu-
ample, development of sorghum varieties for the Gezirgg| resources management (NRM) techniques prior to
irrigation scheme in Sudan is enormously successfuby at the same time as breeding research may gener-
yet sorghum, millet, and cowpea breeding researchte higher payoffs. For example, Mazzucato and Ly’s

generates only modest impacts in the drier rainfed area3.994) examination of millet, sorghum, and cowpea
Short-season cultivars for drought escape often havg Niger leads them to conclude:

the disadvantage of not being able to take advantage of

normal or good rainfall years. Often in these years, In Niger, research has been primarily focussed on
yields can be reduced by increased disease incidence.genetic breeding, which is highly resource inten-
Another approach is first to change the water availabil- SIV&- While the present study shows positive re-
ity/soil fertility situation by providing water harvestin turns to investment in this research program, it
t . ty ) y P 9 9 does raise questions as to whether such an invest-
techniques and soil fertility amendments. Then longer ,ant should be maintained. Productivity gains
season cultivars can take better advantage of the im- pased on varietal improvements have been hard
proved environment (Sanders, Shapiro, and Ramaswamy, won in the difficult production environment in
1996; Shapiro et al., 1993). Niger. This is particularly so for millet and sor-
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Box 2.2. Sustainability of a Sequence of Innovations: An Example from the
Agro-Pastoral Systems in Southern Mali

As population grows, land use becomes more
intensive—but many observers worry that re-
cent yield increases cannot be sustained over
time. It is felt that farmers are “mining” their
soils, pulling nutrients from the soil's organic-
matter reserves and degrading its structure,
leading to an irreversible loss in production
potential (for example, van der Pol 1991).

Dalton and Masters (1997) examine the
long-run sustainability of current and potential
farm techniques in southern Mali. Using a de-
tailed biophysical simulation model, they find
that farmers’ crops are usually subject to so
much moisture and heat stress, and the plants
are spaced so far apart, that nutrient uptake is
limited and very little soil mining actually takes
place.

Projecting farmers’ options forward into the
future, Dalton and Masters find that adopting
new seed varieties is already profitable, and

adopt increasingly labor-intensive management
of crop residues and animal manure in subse-
guent years. This organic fertilizer provides a
moisture-retaining mulch, which in turn makes
use of inorganic fertilizer increasingly attrac-
tive over time.

Careful empirical analysis leads clearly to
a stepwise intensification process over the
coming years—initiated by the introduction of
new varieties but followed quickly by increas-
ingly labor-intensive agronomic techniques, and
then increased use of purchased fertilizer. Al-
though no one technique in this sequence is
sustainable for very long, the sequence as a
whole is both environmentally and economi-
cally sustainable over the entire foreseeable
future. Agricultural research plays a key role in
enabling farmers to sustain production growth,
through both the new seed varieties and the
new agronomic techniques.

that doing so provides a major stimulus to

ghum, where thousands of years of natural selec- tial RORs, thus providing some corroborative evi-
tion have given rise to a number of good local  gence of the possibility of impact from investment in
Iandrac_es.... In a gountry whgre soil anq water are ANR research and technology transfer.
the main productlw_t){ coqstralnts, and Wlth a cattle The difficulty in working in semi-arid environ-
population of 15 million, it seems appropriate ... to
focus ... on improved crop and resource manage- Ments does not mean that appropriate new varieties
ment and related areas in animal production (p. should not be released for use in these areas. Indeed,
viii). farmers are willing to adopt good new varieties, and
such innovations can improve sustainability (Box 2.1).
The only ex-post ROR study of soil or resourceHowever, it is not always easy to develop appropriate
improvements is that of stone dikes in Burkina Fasovarieties for current conditions, nor are local landraces
which generated an ROR of 7 percent (Ouedraogalways the product of thousands of years of selec-
and llly, 1996). What is interesting about this studytion. In this case, the breeding strategy should per-
is that there are many activities promoting stone dikeRaps be to target potential varieties that respond to
in Burkina Faso. The one with the 7 percent returrappropriate agronomic innovations—which in most
was investigated because it was controversial andf semi-arid Africa is labor-intensive soil and water
generally considered less successful than the otheg®nservation activities—recognizing that the sequence
due to its use of collectively built dikes as opposed taf adoption will vary greatly. NRM adoption studies
individual household construction activities. Theindicate that the determinants of NRM adoption are
modest ROR achieved is thus indicative of high povery much the same as the determinants of varietal
tential payoffs to lower-cost, better-targeted NRMadoption (for example, Sanders, 1994; Clay, Reardon
technology projects. Ex-ante studies of Zai in Burkinaand Kungasniemi, 1997): profitability of the tech-
Faso and rock phosphate in Mali all show high potennique, cost, cash flow, labor requirements, etc. This

11
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further suggests that whatever the sequence, breed-
ing, agronomy, and NRM can and must work to-
gether for sustainable intensification to occur.

market impacts through trade or other cross-
border effects. One example might be imposing
regional grades and standards on products for
distribution outside of the region, so that pur-

chasers can have confidence in the quality of the
product they are buying.

2.2.2. Regional Collaboration

The ROR evidence indicates that regional programs

in Africa have had impact. Evidence from the Evensor Reducing duplicationThere is often little need for

(1987) study of International Agricultural Research

Centers (IARCs), Anandajayasekeram et al. (1996)

on the Sorghum and Millet Improvement Program
(SMIP), Ewell's (1992) analysis of the potato net-
work in East Africa, and Sanders’ (1994) work on

Semi-Arid Food Grain Research and Development

(SAFRGRAD) each indicate high returns to these

programs. Yet each of these studies largely neglect a

comparison of alternative ways of organizing the

each of 10 or 12 countries in a region to conduct
the same or similar experiments in each of 10 or 12
different experiment stations. Some degree of sci-
entific duplication is needed to insure replicability of
results, but much existing overlap is unnecessary.
Similarly, technical assistance is often contracted
for on a county-by-country basis, and the same
specialist may be brought back to another country
in the region a few months later.

research agenda. IA studies to date have not quanti-
fied the cost and benefits of regional programs relall
tive to the costs and benefits that would be achieved
if each country in the region carried out its own
version of the regional activity (an exception is Maredia
1993). Mazzucato and Ly (1994) cite the decision of
the International Crops Research Institute for the

Improved ecosystem managemdn&ny natural
resources are shared across countries, such as
lakes, rivers, game parks, etc. Negative forces,
such as plant pathogens, livestock disease, and
resource degradation, may also pose common
challenges to the national agricultural systems in

Semi-Arid Tropics (ICRISAT) not to work in 400mm
rainfall areas as contributing to Institut National de
Recherches Agrigoles du Niger (INRAN) difficulty in

the region. Effective development of shared agro-
ecological systems and natural resources requires
a regional approach.

varietal development, but have no hard evidence to

suggest what would have happened had ICRISAT Many of these possibilities for increasing impact

acted differently. through regional collaboration overlap with IARC
Descriptive analyses generally argue that regionaihandates, and IARCs have the potential to strengthen

programs increase efficiency over separate nationahe ability of national agricultural research insitutions

programs in three ways: (NARISs) to collaborate on other possibilities.

B Regional synergiesRegional synergies occur 2.2.3. Borrowing vs. Developing Technology
when the whole of the activities conducted in the
region exceed the sum of the individual activities.One of the critical issues in planning for future re-
One way in which this can happen is throughsearch is the decision as to the appropriate strategy:
interactions among the scientists in the regionshould African countries try to research and develop
For example, if each country in the region istheir own agricultural innovations, or are research
working on resistance to a particular pest, themmesources better invested in borrowing existing tech-
pooling ideas may result in a multi-pronged ap-niques from other research institutions and adapting
proach whose results are better than those getlhese techniques to particular agroecological and so-
erated by any individual country. Another way in cioeconomic circumstances?
which regional synergies may occur is if regional ~ The early history of African agricultural technol-
organization of the research agenda can increasgy is largely one of colonists creating their own
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research organizations, often with financial or othe1920, Kenyan agricultural research organizations have
support from the colonizing government. Technicalreleased an average of 2-3 new wheat varieties per
innovations arising from these organizations includeyear (Makau, 1984). In each of the examples dis-
the development of hybrid maize in Southern Rhodeeussed in this paragraph, original research and devel-
sia at about the same time as in the United States (B@pment by African institutions, rather than borrow-
2.3); development of cattle and small ruminant crossing, has been a large component of the technical
breeds suitable to African conditions (for examplesuccess. The resulting techniques have made signifi-
see Nyaribo-Roberts, 1992); development of livecant contributions to improved African welfare.
stock vaccines and treatments for African livestock  Borrowing agricultural technigues that have been
diseases; etc. Kenya wheat breeding is a fascinatirdgveloped elsewhere has also contributed significantly
example of how these organizations developed. Ito improvements in African welfare. The Compagnie
1907 rust decimated the wheat crop. One of th&lalienne pour le Developpement des Textiles' (CMDT)
earlier colonists, Lord Delamere, responded by hirindorrowing of maize technology for use in its cotton
a breeder to develop rust-resistant wheat. Still worksystem gives the highest estimated ROR. (Table 2.1).
ing for Lord Delamere, the breeder was seconded tm this case, the CMDT took an existing variety,
the Scott Agricultural Laboratory after its construc-developed area-specific agronomic recommendations,
tion and operation by the government of the Kenyand extended a package including the variety and
Colony (Makanda and Oehmke, 1996). The ability offecommendations. With the development of the
rust rapidly to mutate rendered the first varietiedARCSs, regional platforms to help coordinate national
obsolete almost as soon as they were released, andrasearch efforts, and advances in communication
ongoing breeding program was established. Sinctechnologies, it is likely that borrowing will be in-

Box 2.3. Maize TDT: A Success Story in Southern Africa

Perhaps the most dramatic colonial suc- country. The area’s short rainy season and
cess story is the development of hybrid maize low soil nutrient levels mandated early maturity
in Southern Rhodesia/Zimbabwe. Since the and short stature, to escape drought and con-
1900s, maize had been a target for research centrate scarce nutrients in the grain instead
in Southern Rhodesia, partly because it was a of the stalk. These breeding objectives were
local food crop, but mostly because it was also very different from those that had made SR-52
a major export for settler farmers.* With their a great success in the higher-rainfall, more
strong political and financial support, succes- fertile north of the country, where high stature
sive Rhodesian governments supported a and slow maturation were key to maximizing
world-class scientific breeding program which yields. In 1977 and 1978, after a decade of
produced a series of highly successful hybrids research, the Rhodesian program released
aimed at settler production, from SR-1 (re- R201 and then R215. These short-season,
leased in 1932, at roughly the same time as short-stature hybrids proved to be enormously
the first corn hybrids were released in the successful among subsistence-oriented small-
United States) through SR-52 (released in 1960 holders as well as export-oriented settler farm-
and still widely planted today). ers. After the end of the war in 1980, an array

In 1966 Rhodesian researchers launched of government policies promoting rural invest-
a crash program to develop maize hybrids for ment and market development promoted adop-
the relatively dry, sandy, central parts of the tion. R201 and R215 have replaced almost all

existing open-pollinated maize varieties and

* Details of the Zimbabwean experience are drawn large areas of sorghum and millet as well. With

from Masters (1994) and the historical sources the exception of drought years, Zimbabwe is
cited there. See also Rukuni and Eicher, eds. largely self-sufficient in grain production.

(1994) and Rohrbach (1988).
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creasingly important in the future. Maredia and Byerleeedge that ultimately improve human well-being. Cer-
(1996) argue that wheat varieties developed by th&inly research success occurs as part of a systemic
International Center for Wheat and Maize Improve{process in some cases. For example, the ROR to
ment (CIMMYT) can be used throughout the world Malian maize research focuses on the CMDT system,
(after varietal screening for ambient conditions) andvhich introduced maize as a secondary crop into a
provide as high or higher yields than varieties develwell-functioning cotton system, as part of a con-
oped by countries for their specific conditions. Whilescious choice emerging from the organization’s deci-
it may be a bit premature for a country like Kenya tosion-making apparatus. By comparison, maize has
reduce their wheat program on this basis (Makandhad minimal impact in the neighboring and
and Oehmke, 1996), this type of borrowing deserveagroclimatically comparable Operation Haute Vallee
a long hard look. Similarly, the increasing use of(OHV) region of Mali, because the OHV is a less
CIMMYT materials in maize hybrids (over 50 percenteffective organization (Boughton, 1995; Dione, 1989).
of African improved maize varieties use CIMMYT Kenya and Zimbabwe have had considerable success
material, in varying degrees [Byerlee and Heisseyin maize research, at least among larger farmers and
1996) and the increasing involvement of the privatén high-potential areas, helped in part by the well-
sector in maize seed production suggest that borrowunctioning input and output distribution systems in
ing maize varieties will become increasingly impor-these areas (Karanja, 1992; Kupfuma, 1994). Zimba-
tant over then next few decades. If IARCs are able tbwe has had similar success in developing cotton
supply most of the needed varietal developmentgroduction in commercial areas (Mudhara et al., 1995).
NARS may be able to focus their activities on in-Yet these examples are exceptions to the rule.
creasing the availability of water and improving soll In general, African research institutions have
fertility. failed to create themselves along lines that make
The development of transgenic techniques andesearch success a likely outcome, and in some
the emergence of transgenic innovations also hasases, these institutions even inhibit success. African
implications for African borrowing of agricultural research impacts have too often been generated by a
technology. Development of improved transgenicfew good scientists working in an ambivalent or even
techniques and maintenance of gene pools for trangihibiting research and extension environment. For
plantation is perhaps most cheaply accomplished @&xample, Howard (1995) attributes the successful
the regional, continental, or global level. African coun-development of improved Zambian maize varieties
tries could “borrow” these innovations by screeningadapted to smallholder conditions to the “mulish”
transgenic materials under local conditions to insur@ursuit of hybrid development and adaptation by the
that beneficial outcomes are obtained and that injurinead breeder, even in the face of system directives to
ous mishaps are minimized. To date, little work hagease such activity, and the breeder’s ability to act as
been done on African IA of transgenic varieties or ofiason with farmers.* The success of the research-
institutional innovation to maximize benefits, yet thisbased famine relief activity in Senegal rests in large
is clearly a direction of the future. part on the restructuring of the extension and distri-
bution systems (as the existing structures were inad-
2.2.4. Institutional Innovation in NARIs and equate) for the duration of the project, and the under-
NARSs lying germplasm collection that had previoiusly been
undertaken largely by a single scientist, Djibril Sene
Institutional innovations in NARIs and NARSs are (Schwartz, Sterns and Oehmke, 1993; see also Bingen,
needed to institutionalize research success and im-
pact. That is, research organizations can strengthen * The impact of these varieties was greatly aug-
themselves by redesigning research processes aftgnted by a nationwide, publicly financed input and
s output distribution system with large throughput, but
institutional procedures so that the natural outcom

Fe ' e &®%hich had high costs that led to financial problems and
of the organization are advances in scientific knowlultimately the collapse of the distribution system.
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Hall, and Ndoye, 1988). The development of im-driven by the adoption of short-stature fertilizer-respon-
proved flint maize varieties in Malawi is largely due tosive crop varieties, in the context of relative moisture
the willingness of a few scientists to test the convenabundance—and led to sharp rises in marketed surplus
tional wisdom that it is difficult to develop a high- of food grains (Falcon, 1970). Africa’s agricultural
yielding variety with flinty grain characteristics. Too intensification shares many features of the Asian and
often, research institutions acquire “organizationalAmerican green revolution, notably increased use of
dynamics that stifle even ‘the best and the brightest'inputs and labor to sustain higher crop yields per hect-
(Bingen and Simpson, 1996, p. 13). are. But there are also major differences, and Africa’s
A critical need in the institutional development of productivity growth is clearly less visible than that of
most NARS is the creation of a culture that makeg\sia in its impacts on farmers’ fields or marketed
research success and impact the path of least resistanagrplus. A significant portion of Africa’s productivity
As noted above, a number of critiques of African agri-growth has occured through early-maturing varieties
cultural research institutions detail the inhibiting factorsaimed at short rainy seasons—and often in food-deficit
in NARS as they are currently structured—low salariesenvironments, where marketed surplus consists of live-
inadequate operating expenses, lack of accountabilitgtock, oilseeds, cotton and other products (Sanders,
lack of or misprioritization of activities, fluctuating fund- Shapiro, and Ramaswamy, 1995). In eastern and south-
ing levels, inadequate exchange of information withern Africa, important advances in maize productivity
other NARS, etc. While some general rules of thumtand production have resulted from successful research
have been published and are helpful, they do not deahd technology transfer (Gilbert et al., 1992; Byerelee
with the diversity of individual circumstances faced byand Eicher, 1997). This research, including early devel-
countries with different agroclimatic characteristics,opment and use of hybrid varieties, is largely obscured,
political systems, social goals, and agricultural heritagand the canonical story of successful maize research
(for summaries of steps in this direction see Boughtoremains the story of hybrid development in the United
et al., 1995; Rukuni, 1996; or Byerlee and EicherStates. The facts show that, while African agricultural
forthcoming(b)). Tripp (1993) argues, “Public sectorresearch has had its difficulties and low points, it does
agricultural research requires significant reorganizatioryield and has yielded impressive economic gains from
including the assumption of more responsibility for itsimprovements in the level and stability of farmers’
own direction and output” (p. 2013). Individual NARS income, and in terms of national economic growth.
have been slow to mold themselves into the types of Appreciating the contributions of African agri-
institutions that can adapt to and influence research armliltural research requires recognition of two issues:
other agricultural policies. In other words, it is clear thadefining the appropriate measure of aggregate perfor-
institutional paradigms can be improved, and indeedhance, and delineating the counterfactual situation of
must be improved if agricultural research is to providevhat would have happened in the absence of agricul-
the stimulus needed to generate and sustain agricultdsral TDT.
ally led economic growth in the 21st century. Certainly sustainable economic growth, including
increased access to food, is the overriding social goal
that motivates investments to stimulate agricultural
growth and increase the contributions of agriculture to
non-agriculture growth, such as investments in agricul-
tural TDT. Yet there are many factors that facilitate—
or hamper—economic growth. Thus, measuring the
The aggregate and ROR evidence presented here helpsnomic growth rate in a country is a poor way of
explain why productivity growth in Africa has occurred ingicating the performance of agricultural TDT. For the
later and less dramatically than the “green revolution” oy gjuation of the aggregate impacts of agricultural TDT,
the 1960s and 1970s. Much productivity growth in thet s critical to measure accurately the contribution of
green revolution areas of Asia and Latin America Waggricultural TDT to growth, and then to determine

2.3. AGGREGATE AND ROR RESULTS
IN COMPARATIVE PERSPECTIVE
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whether that contribution—not the overall growth rate—tributed almost a quarter of a percentage point to
is appropriate. Similarly, a comparison of the growthAfrican economic growth over the period 1983—
rate of agricultural production with population growth 1988. This is a sizable contribution in terms of eco-
rates, while of undeniable social importance, providesomic growth and is consistent with the relative
only mignformation about the performance of the agri-magnitude of aggregate investment in African agri-
cultural sector. African population growth rates at or incultural research over the period—Iless than 1 percent
excess of 3 percent per annum are so abnormally rapad agricultural product (see Pardey, Roseboom, and
that no agriculture in the world could keep up a similaBeintema, 1997).
growth rate for a sustained length of time. (For example, The second issue that is critical to recognize is
the real value of U.S. agricultural output grew by arthe appropriate counterfactual situation: What would
annual average of 1.69 percent over the period 188%tave happened in the absence of agricultural TDT?
1990 (Huffman and Evenson, 1993]) Therefore, growthi-or example, Gilbert et al. (1992) argue that as much
rates of African agricultural output of less than theas one-half of the contribution of maize TDT has
typical African population growth rate are not indicativebeen in sustaining prior yield increases, which would
of the failure of African agriculture. Rather they arehave been lost in the absence of research. At the case
evidence of the need to address a broad range of socs&ilidy level, evaluations of agricultural TDT are usu-
issues. ally very careful to consider what the appropriate
More specific measures exist for quantifying counterfactual situation is, and perhaps also to en-
aggregate agricultural performance and contributiongage in sensitivity analysis to compare other possible
to the resolution of broad social problems such asounterfactual situations. Determining an aggregate
food insecurity. These measures, though not freeounterfactual situation is much harder. Although
guently used, show a far less gloomy picture othey do not address agricultural research per se,
African agriculture. For example, Block (1994) pro- Sachs and Warner (1996) take an important step by
vides the first application to Africa of the agricultural- estimating the determinants of growth rates in an
output-aggregation method that Hayami and Ruttaattempt to answer the question of why Afirca grew
(1985) used so fruitfully on Asian data. Block’s slowly relative to other developing countries. They
conclusion is that: arrive at some interesting conclusisons regarding

African economic growth:
Introducing [the Hayami-Ruttan] output aggregate

substantially alters the findings regarding African First, African countries have a higher level of natu-
agricultural productivity. In place of a picture of ral resource dependence than other developing
consistent productivity decline painted by the other countries. This is estimated to have reduced their
output aggregates, the ... data suggest that after  goyth relative to other less developed countries
fifteen years of stagnation, African agriculturalTFP by 0.2 percentage points per year. Africa also fol-
(total farm productivity) increased substantially lowed more closed policies than other developing
during the mid 1980s, growing at roughly 2% per countries. Protectionism is estimated to have fur-
year from 1983 to 1988 (p. 621). ther reduced Africa’s growth by 0.7 percent per

) ) . year. Africa’s greater share of land-locked coun-
Block finds that up to one-third of the growth in  ies is estimated to have reduced growth by 0.2

agricultural TFP is attributable to past investments in points. Africa’s less efficient economic policies,
agricultural research. It is a reasonably straightfor- (other than openness) is estimated to have re-
ward step to then calculate the contribution of these duced growth by 0.3 points. And finally, Africa’s
increases in agricultural TFP—for example, along lower savings rate is estimated to have reduced
. . - growth by a further 0.9 percentage points.

lines suggested by Dinopoulos (1996)—and use this

contribution as one measure of aggregate impact. For Taking all of these factors together, we estimate
example, if agriculture contributes one-third of the that Africa should have grown about 1 percent per
gross national product of the economy, then a rough Yyear slowerthan all other less developed countries
calculation suggests that agricultural research con- during the period 1970-1990. In fact Africa grew
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0.85 percentage points slower than other develop- theoretical and empirical in scope. Yet the evidence

ing countries [pp. 4-5, italics and parenthetical  gyaijlable to date indicates that investments in agricul-

remark in original]. tural TDT have contributed importantly and signifi-
The implication is that slow African economic cantly toimprovements in individual welfare, and that

growth during the 1970s and 1980s can be explainefiese improvements are large enough to prove the
without recourse to an unmeasured concept of agrpconomic value of the investments. Moreover, emerg-
cultural failure. Sachs and Warner conclude that"d evidence suggests that agricultural TDT has given
previous attempts to explain Africa’s slow growth & small but important boost to the economic growth
failed “to account for the effect on growth of Africa’s Of African economies relative to what growth would
closed economic policies (p. 5).” have been without investment in TDT, even in the
Clarification of the contributions of African agri- relative is relatively stagnant 1970s and 1980s.

cultural TDT clearly requires additional work—both
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3. Building Capacity and
Institutionalizing Impact Assessment

The primary purposes of conducting impact studiegssist programs with planning and assessment, and,
are to help mobilize resources for agricultural techmore broadly, maintaining attractive conditions of
nology development and transfer (TDT) and to im-service (including salary, training opportunities, and
prove the efficiency of the funded TDT activities. A funding for research activities) for all researchers;
key condition for efficient resource allocation is the(3) conducting 1As; and (4) relating 1A to planning
institutionalization of IA as a planning tool. IA activi- (i.e., using lessons from ex-post and ex-ante IA
ties cannot be institutionalized without developing thestudies to inform planning efforts, and reallocating
necessary human capital. Thus capacity building antesources on the basis of these studies).
institutionalization are closely linked and considered

to be priority activities of the regional initiatives. This 3.1.1. Conceptualizing the Role of Research
section summarizes the approaches adopted by the

various regions in sub-Saharan Africa (SSA) withThe responsibilities placed on national agricultural
respect to capacity building and institutionalizing IAresearch institutions (NARIs) have increased dra-
and the lessons learned. matically over the past decade. In the early 1980s,

Institutionalization of IA process is defined as theNARIs and NARI scientists were responsible prima-
permanent integration of 1A as a planning tool in therily for “good science”. ensuring that experiments
research process. The approaches adopted by the vanid investigations addressed the issues at hand using
ous regions in SSA vary, largely due to the existingappropriate techniques, and that the results—includ-
regional institutional structures. The various approachesg varietal releases, agronomic recommendations,
adopted are considered appropriate under those circutivestock husbandry techniques, etc.—were legiti-
stances but are converging towards a common set ofate conclusions of the experiments. Scientists and
conditions. administrators predominantly assumed that good sci-
ence would naturally lead to significant improve-
ments in social welfare.

The disappointing aggregate performance of Af-
rican agriculture and increasing donor demands for
‘accountability’ have led donors and others to de-
mand not only that NARIs provide good science, but

also that they be held accountable for their social
Previous research cited weak institutionalization ofmpacts or lack thereof.

planning and assessment activities in Africa as a The early IA studies demonstrated a number of
general problem. Particular difficulties arise in (1)points relevant to the relationship between good sci-
conceptualizing the role of research in the broadegnce and social impact. First, the generally high rates
context of agricultural transformation (i.e., recogniz-of return (RORs) provide at least some corroboration
ing the link between research impact and broadehat good science, when undertaken by scientists
sectoral characteristics such as input supply angeriously concerned with the well-being of their fel-

output markets, and designing research strategiggy humans, can and does have positive social im-
aimed at improving the policy and organizational enpacts. This could be partially attributed to the farm-

vironment into which technology is launched, as We”ing-systems research (FSR) programs currently being
as developing technology); (2) establishing and mainmstitutionalized in many sub-Saharan countries. Sec-
taining a core staff of trained socioeconomists tgypq, improvements can be made so that NARIs do a

3.1. INSTITUTIONALIZATION OF
IMPACT ASSESSMENT AND
PLANNING: CURRENT STATUS
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better job of facilitating scientific research and so thation and capacity building. Collaboration has involved
the resulting social impacts are increased. Third, iboth relatively strong national systems (e.g., Kenya) and
many cases the magnitude and breadth of the sociadlatively small ones (e.g., Rwanda/Burundi). At the
impacts are constrained by socioeconomic forcegegional level, collaboration has occurred primarily
These three points lead to the conclusion that impadthrough the Association for Strengthening Agricultural
studies can play a continuing role in helping to makdresearch and Training (ASARECA) and through REDSO/
research resources more productive in generatinGSA-sponsored training activities. Some commodity
social impact. In particular, the recognition of socio-networks, with assistance from the relevant IARCs,
economic forces and the role they play in determinindpave also initiated 1A activities.
the social impact of scientific innovations can im- ASARECA has been established to coordinate
prove research agendas, budget and manpower alleesearch and training activities in Eastern Africa. It is
cations, and even the nature of varietal releases amahticipated that this institution will take a lead role in
other innovations disseminated. IA is one way ofdeveloping strategies and implementing activities on
analyzing these socioeconomic forces. The fourtlbehalf of the region to build capacity and institution-
point that emerges from the early IA studies is thatlize |A at both national and regional levels. Capacity
many biophysical scientists feel uncomfortable orbuilding and institutionalization began largely through
untrained in analysis of socioeconomic forces, inthe regional research networks supported by USAID.
cluding how to incorporate socioeconomic resultsMichigan State University (MSU) is also looking at
into their own research programs and agendas. the issues of planning and priority setting in East
The first step in the IA and planning agenda isAfrica. In October 1996, ASARECA coordinated a
then to sensitize National Agricultural Research Sysworkshop for the Ethiopia, Kenya, Tanzania, and
tem (NARS) scientists and administrators to the need)Jganda NARIs, backstopped by International Service
potential benefits, and the implications for institution-for National Agricultural Research (ISNAR) and MSU,
alizing IA as a planning tool. In the regional IA to share experiences on the use of IA in regional
initiatives, this is largely accomplished through coun-planning.
try visits, discussions, and national and regional
workshops. The details of the national sensitizatior8.1.2.2. West Africa
workshops completed during the 1993-1997 period
in the Southern Africa Development Committeeln West Africa, Purdue University has provided ex-
(SADC) region are presented in Table 3.1. Theséensive training through regional workshops, collabo-
workshops have enabled the countries to develop mative case studies, and long-term degree programs.
strategy for institutionalizing the IA process within These activities are designed to nest in one another.
the research and extension services, as well as ti#¢ the broadest level, the regional workshops have

training within the higher learning institutions. permitted over 50 scientists from a dozen NARIs to
initiate impact studies themselves. Of those, more
3.1.2. Establishing a Core Staff than ten scientists from four NARIs have become
involved in collaborative case studies, and seven NARIs
3.1.2.1. East Africa researchers have moved into long-term degree pro-

grams at Purdue.
In East Africa, U.S. universities (Purdue and Michigan  The short-term workshops, held annually in
State) and USAID’s Regional Economic DevelopmenBamako, Mali (June 1994 and 1995) and Niamey,
Support Office / East and Southern Africa (REDSOMNiger (July 1996), have combined three elements:
ESA) have played lead roles. In each case, U.S. collabo-
ration reaches the NARS both directly and througH hands-on training in the use of economic surplus
existing regional institutions, with training and collabo-  methods, using computer exercises based on
rative case studies as a means to achieve institutionaliza- actual NARS case studies;
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Table 3.1. Regional and National Sensitization Workshops,
SADC Member States, 1993-1997

Number of
Country Date Participants Target Audience

Swaziland  Nov. 22-23, 1993 42 Board Members, Senior Researchers from Food,
Agriculture, and Natural Resources (FANR) sectors,
team leaders of regional (SADC) research programs
and International Agricultural Research Center and
donor representatives.

Malawi Feb. 28 — Mar. 1, 1994 41 Senior and middle-level managers, ANR research-
ers, extension officers.

Zambia June 18-22, 1995 39 Senior and middle-level research and extension man-
agers, academic staff—staff of planning unit, and the
environmental council.

Namibia Aug. 8-10, 1995 32 Staff and senior and middle-level managers from the
Ministry of Agriculture, Water, and Rural Develop-
ment; Ministry of Environment and Tourism; Ministry
of Lands, Resettlement, and Rehabilitation; Ministry
of Fisheries and Marine Resources; Directorate of
Extension and Engineering Services; Oxfam Canada;
European Commission; Namibian Botanical Research
Initiative; and NGOs.

Tanzania  Sept. 18-20, 1995 37 Senior and middle-level managers from the Ministry
of Agriculture (research, extension and planning) Re-
search Foundation and Forestry Institutes.

S. Africa Apr. 14-17, 1996 58 Staff and middle-level managers from Agricultural
Research Council, National Departments of Agricul-
ture, Provincial Departments of Agriculture, and ag-
ricultural universities.

Mauritius  August 11-16, 1996 51 Staff and middle-level managers from Agricultural
Research and Extension Unit, Food and Agriculture
Research Council, Agricultural Services, Mauritius
Sugar Research Institute, Irrigation Authority, Agri-
cultural Marketing Board, Farmer Service Co-opera-
tion, Fisheries Research Center, Chamber of Agri-
culture, University of Mauritius, Mauritius Research
Council.

Botswana? March 16-22, 1997 30 Same as biological scientists training workshop.
1 Sponsored and conducted by the National Directorate of Research and the Southern Africa Center for

Cooperation in Agricultural Research and Training (SACCAR) using an existing USAID grant.
2 National sensitization and training combined.
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B presentation and peer review of past studies dorfeinctions on behalf of the region.

by workshop participants; and In addition, Purdue and MSU are working on key
B presentation and peer review of workplans formethodological issues to keep the knowledge frontier
upcoming impact studies. moving forward.

MSU, Centre de Coopération International en
The training material has been disseminated beéRecherche Agronomique par le Developpement
yond the workshop participants through &mpact (CIRRAD), and others have worked with INSAH and
Assessment Manyapublished in both French and IER to backstop development and implementation of
English along with computer exercises for use irthe commodity sector approach to IA and research
replicating previous studies, and spreadsheet tenplanning. This approach has been successful both in
plates for use in other analyses. generating IA results (for example, Boughton and
The collaborative case studies, undertaken sincenry de Frahan, 1994) and in identifying constraints
1994 have involved work with researchers at Instituto and opportunities for increased impact (Boughton,
d’Economie Rurale (IER) in Mali, Institut Senegalais 1995).
de Recherches Agricoles (ISRA) in Senegal, Institute
d’Etudes et de Recherches Agricoles (INERA) in3.1.2.3. Southern Africa
Burkina Faso, and Institut National de Recherches
Agricoles du Niger (INRAN) in Niger, buildingonthe In the case of Southern Africa the lead role for
technique presented in the regional workshops, butapacity building and institutionalization was assumed
also moving towards more detailed studies of techby the Southern Africa Center for Cooperation in
nology adoption and impact using household modelsAgricultural Research and Training (SACCAR) in
In 1996 Purdue University gave the first training in1993. A large number of regional research and train-
farm level ex-ante technology evaluation with programing networks are being coordinated by SACCAR and
ming in Mali. In 1997 the Institut du Sahel (INSAH) are executed by IARCs. To build capacity and insti-
agreed to add this to the regional training in economitutionalize the process, SACCAR adopted a strategy
surplus to be given in Burkina Faso. This is how exto simultaneously deal with the regional networks and
pected to be a regular component of annual Francophotiee NARS. The objectives of these two strategies are:
training. Also in 1997 the first Anglophone course in
economic surplus techniques for West Africa will bel To develop the regional capacity to undertake
held in Ghana. impact assessments of ANR research activities;
In Purdue’s degree training programs, student® To assist in the institutionalization of the process
typically return to ther home institution during the sum-  both within NARS and with the regionally ex-
mer break to present work in progress and collect data ecuted projects; and
for future activities. This ensures that training activitiesll To assist in the institutionalization of IA training.
and research topics remain closely linked to the workplan
of the home institution, and facilitates reintegration atthe At the regional level, SACCAR is establishing a
end of the degree program. need-based monitoring and evaluation (M&E) system
Purdue has recognized the need for a regionals an integral part of the project management. Activi-
coordinating body to effectively institutionalize IA ties related to developing IA capacity and institution-
initiatives within the region. So far IA has beenalization of the process at the NARS level include:
effectively integrated into the existing regional re-
search networks. Purdue is trying to reach the NARS Sensitizing NARS management on the need for
in West Africa, through INSAH. The problem is that IA as a management tool in decision making and
this agency is only responsible for Sahelian countries. its implications. This is accomplished largely
Attempts are currently being made to work with  through visits, discussions and workshops.
INSAH so that they could perform the coordinating® Regional and in-country training on IA method-
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ologies for economists and biological scientistsclearly demonstrate the need for continuous support
B Collaborative case studies with NARS scientistsin capacity building and the development of M&E
B Development of a procedural manual on IA forsystem for the research services. A few of the coun-

use by NARS scientists. tries in Southern Africa have included an impact
B Training of trainers. statement—amounting to a form of ex-ante
B Assistance in the incorporation of IA methodolo-assesment—in the research project proposal. This

gies within academic training programs. will assist managers and researchers in allocating the
B Assistance in the establishment of data base argtarce research resources.

M&E systems for TDT evaluation as an integral After carefully reviewing the experiences, the

part of research management. group agreed that the approaches followed in each of

the subregions are appropriate given the diverse cir-

In addition to the regional strategy for capacitycumstance of the region. The approaches were
building and institutionalizing 1A, a national strategy complementary and ideally would be used in tandem.
for institutionalizing IA exists in Malawi, Zambia, Implementation would be by a regional organization
Namibia, Tanzania, South Africa, and Mauritius. Thetaking a lead role, in partnership with other NARIs
regional training on IA methodologies is an annualand academic institutions. The academic institutions
activity which brings together economists from thecan address the methodological challenges confront-
NARS in the region. This training workshop is con-ing the NARIs and can provide the support in train-
ducted in collaboration with University of Zimbabwe. ing. The group unanimously agreed that the following
The total number of individuals trained through theare necessary preconditions for effective institution-
regional training workshops is provided in Table 3.2 alization of 1A as a planning tool:
A portfolio of approaches are presented and the

participants are allowed to choose the most approprit.
ate approach to suit their local conditions. In southern
Africa, training workshops for biological scientists 2.
have been completed in South Africa, Mauritius,3.
Botswana, and Tanzania (See Table 3.3 for more
details). Thus, training activities included both social4.
and biological scientists. Several regional and nationd.
impact studies have been completed and five national
studies are on-going. Two sets of teaching notes
have been developed for biological and social scierb.
tists. A core group of regional trainers participate in
all national and regional training activities. Training 7.
includes short-term (skills) training and on-the-job
training. At present, two of the trainees are planning
to use the case studies for their doctoral and masters
theses, respectively.

Established need and commitment by policymak-
ers and senior managers.

M&E system for research.

Close communication and interaction between
biological and social scientists within NARS.
Trained personnel to undertake impact studies.
Appropriate methodology/procedures. To use IA
as a planning tool, there is a need for harmonizing
procedures at the national level.

Development of an institutional capacity to offer
training on a continuous basis.

Collaboration and linkages with other agencies in-
cluding national level coordination of activities.

There was general consensus that the institution-

alization is an evolutionary process which requires

Recently NARS managers in East and Southerfong-term commitment and assistance.

Africa were asked to comment on the adequacy of

the existing IA capacity at the national level in terms3.1.3. Institutionalizing Impact Assessment
of finance, human skills, and data availability. EightyTraining

percent of the countries responded that the financial

and human capacity are inadequate to undertake I&urrently most training activities are largely initiated
whereas 75 percent of the countries reported that ttend conducted by external academic institutions and
existing data base is inadequate (Table 3.4). Thiegional bodies with donor assistance. Effective inte-
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Table 3.2. Number of Individuals Completing Impact Assessment Training,
SADC Member States, 1993-1997

Participants 1994 Febr. 1995 Aug. 1995 1996 1997 Total
Angola - - 1(1) 1 2 4

Botswana 4(2)* 3 1 1 3(1) 12
Ghana - - - 1 -

Lesotho 1 1 1(1) 1(1) 2(1) 6

Malawi 2 4 3(2) 5(1) 3(2) 17
Mauritius - - - 1 2 3

South Africa - 2 2 3(1) 8(2) 15
Swaziland 2(1) 2(1) 1 3 3 11
Tanzania 4 4 1 2 3 ) 14
Zambia 3 2 5 2 1 13
Zimbabwe 2 2(1) 8 5(3) - 17
Kenya 2(2) - - - - 2

Namibia 1 1() 1 - 1 4
Sierra-Leone 1 - - - - 1
Mozambique - - 1 - - 1
Zanzibar - - 1 - - 1
TOTAL 22 21 26 25 28 122

Observers: Kenya 1
National Resources Sectors: Forestry, Fisheries, Wildlife, Land and Water Management
1Figures in parentheses represent female participants.

gration of IA requires continuous training. In the longare jointly organized and administered by SACCAR and
run, such training should be provided by the nationalhe University of Zimbabwe. University staff from the
and regional institutions. One way of addressing thisegion participate in the training as well as in training-
issue is to include the concepts and procedures of |Aaterial development, but it is still not effectively inte-
in the teaching programs of the academic institutiongrated into their academic curricula.

For West Africa, training is largely provided by The committee of Deans of SADC recently dis-
Purdue University and includes short-, medium-, andussed this issue and resolved to make every effort
long-term training. So far, activities have focused orto find a permanent home for the regional training and
building the analytical capacity of NARS staff. As theto include impact-assessment concepts and proce-
senior staff become increasingly experienced, it may baéures into university curricula in the region. Currently
appropriate to develop local training programs, thuswo universities in the region are moving in this
institutionalizing the training activity itself. In East Af- direction. The group recognized that this is an impor-
rica, training is provided by a regional facility, while in tant activity but that little has been accomplished to
Southern Africa, the training is based in one of the locallate. The group endorsed that, with respect to insti-
agricultural higher learning institutions. The workshopstutionalization of training, there is a need for:
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Table 3.3. Number of Biological Scientists Trained at the National Level,
SADC Member States, 1996-1997

Number of

Country Date Participants Target Audience / Institution

S. Africa Oct. 20-26,1996 49 Agricultural Research Council, National Department
of Agriculture, Provincial Departments of Agriculture.

Mauritius Dec. 2-4, 1996 40 Ten institutions involved in agricultural and fisheries
research, training, extension, as well as development
activities.

Tanzania  Jan, 18-25, 1997 64 Academic staff of the Faculties of Agriculture, For-
estry and Veterinary Medicines, selected Senior Re-
searchers of the Ministry of Agriculture and Live-
stock.

Botswana Mar. 16-22, 1997 30 Department of Agricultural Research, Animal Health

and Production departments, Ministry of Agriculture,
Agricultural Planning and Statistics, Plant Protection
Division, Botswana College of Agriculture, National
Institute of Research.

Box 3.1. Building Impact Assessment Capacity

The possibility of institutionalizing research IA
rests on host-country capacity to conduct the
assessments. The authors of the assessments
conducted in the early 1990s are, for the most
part, still working on issues of African agricul-
tural technology:

B Daniel Karanja completed his M.A. program
at Michigan State University with the thesis
“The Rate of Return to Maize Research in
Kenya: 1955-88.” He then returned to the
Kenya Agricultural Research Institute (KARI)
for four years to work on the KARI/CIMMYT
maize database project and is now back at
MSU for his Ph.D. program.

B Rita Laker-Ojok completed her dissertation
on “The Edible Oilseed Subsector in
Uganda: Can It Compete?” and received
her Ph.D. in 1994. She has returned to
Uganda and is working there for Appropri-

ate Technologies International.

David Makanda completed his Ph.D. dis-
sertation on “Wheat Policy in Kenya” in-
cluding work on research impacts, and is
receiving his doctorate posthumously.

B Valentina Mazzucato completed her M.A.

program with the thesis “Non-Research
Policy Effects on the Rate of Return to Maize
Research in Kenya: 1955-1988.” Working
for ISNAR, Mazzucato spent four months in
Niger in a joint ISNAR/MSU project on “An
Economic Analysis of Research and Tech-
nology Transfer of Millet, Sorghum, and Cow-
peas in Niger” (Mazzucato and Ly, 1994).
Mazzucato is currently enrolled for further
study at Wageningen University.
Ousmane Coulibaly completed his Ph.D.
with the thesis “Devaluation, New Technolo-
gies, and Agricultural Policies in the
Sudanaian and Sudano-Guinean Zones of
Mali” and is presently working for the Inter-
national Institute for Tropical Agriculture
(IITA) in the Cameroon.

Over 200 African scientists have received

degree or short-term training related to IA.
Most of these scientists remain within, and
provide |A capacity for, African agricultural
technology systems.
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Table 3.4. Existing Capacity to Conduct TDT Impact Assessment

Existence Existence

Resource Capacity of a National of a Formal
Countries Financial Human Data Strategy System
EAST AND CENTRAL AFRICA
Burundi I I I No Yes
Eritrea I I I No No
Ethiopia A A I No Yes
Kenya I I I Yes Yes
Madagascar A I I No Yes
Uganda I I I No Yes
Dem. Rep. of Congo I A A No Yes
(formerly Zaire)
SOUTHERN AFRICA
Angola I A I No No
Botswana I I A No No
Lesotho I I A No Yes
Malawi I I A Yes Yes
Mauritius A I I Yes Yes
Mozambiquet I I I No
Namibia I I I Yes No?
South Africa A I I Yes? Yes
Swaziland I I I No Yes
Tanzania I I I Yes Yes®
Zambia I I A Yes Yes
Zanzibar I I I No Yes
Zimbabwe I A I No No

Key: A = Adequate, | - Inadequate

1The respondent could not answer this question.

2 strategy exists at the Agricultural Research Council.

3 Currently working on establishing a M&E unit for agriculture, but they do have a unit to monitor extremely
funded projects.

Source: SACCAR Survey, 1995.
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B Well established institutional linkages between
the agricultural higher learning institutions and
the relevant ministries.

B Recognition of the need, firm commitment, will-

ingness, and flexibility of the policy-making body . .
of the higher learning institutions to meet the 1. Generate a consensus to invest time and
9 9 money in IA&P, and to use the results—

requirements of the NARS in terms of providing even if only on a test-case basis. Achieved

Box 3.2. Eight Steps toward
Starting Impact Assessment and
Planning (I1A&P)

the required skills. largely through sensitization workshops and
B Development and/or existence of an institutional ~ meetings.
capacity to offer training including 2. Select the IA&P test case in consultation

— Availability of professional expertise or trained _ With NARS manager. . .
3. Select the IA&P team in consultation with

personnel with the required skills; NARS manager.

— Resources and facilities to offer such train- 4 pefine 1A&P procedures appropriate to the
ing; and case and time and budget constraints.

— Availability of training materials. Specify types of impact to be measured,

B Preparing the higher learning institutions to offer ~ data needs, collection and analysis meth-

such training at the national and regional level. ~ ©dS: €tc., in conjunction with stakeholders
and possibly analytical experts.

. . o 5. Provide training to team, if needed.
The university training should be complemented g Gather data.

by on-the-job training provided by NARS. Issues 7. Analyze data.
which require attention with respect to institutional- 8. Write-up results, including recommended
ization and capacity building include: actions.

Development of an M&E system for research; ) ) ]
Harmonization of methodology at the national Ievel;NARS '_n sgb-Saharan Africa. The national _programs
Human capital development: and scientists take a lead role and coordinate these

Changed emphasis from ex-post to ex-ante ass_tuglles with tgchmcal input and other .support from
sessment: regional organizations. In the SADC region, a techni-

Coordination of impact related activities at theCal gdwsor (US_AID supported) located at SACCAR
national level: provides technical assistance.

Assessing the impact of regional research networksh Th? case s.tgd|es are considered as fO!IOW up to
Assessing the impact of extension; the regional training program. Upon completion of the

W Assessing the impact of livestock-related R&Dregional training, in consultation with the NARS man-
activities: and ager, a test case is selected. Then a team is formed

B Assessing the social and environmental ConseQe!oendmg on the various aspects of the program
quences of technologies. belng'chosen. The team and the other stakehplders
meet in a planning meeting to work out the details of

The group concluded that considerable progresg]e study—that is, to d_eflne objectives, procedures,
has been made with respect to capacity building anfSourees, data collection methods, data to be col-

institutionalization. Given the fact thatinstitutionaliza-!eCtEd' and responsibilities of various groups includ-

tion is a slow, evolutionary, long-term process, efiNg @ time schedqlg for completion of the work. The
forts should be continued to complete the processt.e""m_mee'[S at C”t'c_al gtages to complete the study.
The first draft report is circulated to all the stakehold-

ers. Based on their comments, the report is revised,
published, and distributed to all stakeholders. The
As pointed out in Chapter 4 of this report, severacountry-level case studies are also used in the training

impact studies are currently being undertaken byvorkshops as examples.

3.1.4. Conducting Impact Assessments
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Unfortunately, such impact assessments are usually ing the development of an institutional structure to
conducted on a test-case or sporadic basis. The capac- collect information, and (c) reviewing the results of
ity to assess impact on an ongoing basis and to make the program-level priority setting exercises as a basis
results of such assessments part of the continual pro- for a comprehensive institute-wide priority setting
cess of research planning, agenda setting, prioritization, exercise planned for 1997;
updating, and revising plans is lacking in most African(2) the full integration of program scientists into all
NARS. A survey of 20 NARIs in East, Central, and planning and assessment activities; and
Southern Africa shows that not a single NARI has th€3) hands-on training for socioeconomists and pro-
financial, human, and data resources necessary to con- gram scientists in practical tools for assessment,
duct 1A of TDT (Table 3.4). including a geographic information system to

classify research target zones and computer-
3.1.5. Relating Impact Assessment to Planning  based spreadsheet models.

Most of the ex-post impact studies can only provide These are important achievements, particularly
evidence that past investments in TDT activities ar¢he innovation of a high-level committee to coordinate
justifiable based on people-level impact measured iplanning and assessment activities across the insti-
terms of ROR. Ex-ante impact assessments provideite. Countries may want to consider the following
additional information enabling researchers and reissues as they adapt the model to their own needs,
search managers more efficiently to allocate researdiowever. First, the KARI program-by-program ap-
resources. In most countries, data as well as othg@roach is expensive; research systems with fewer
information are not available to conduct an IA of allresources may wish to focus planning and assess-
major TDT activities. ment activities on a few key programs. Second, the
This does not mean to say that the knowledge oKARI approach (completing all program-level assess-
IA cannot be used in planning at present. Some of theents in preparation for an institute-wide review
countries in the SADC region have endorsed th@lanned for 1997) leaves a long time lag between
inclusion of an impact statement as a part of thémplementation of planning and assessment activities
research proposal. This provides some key informaand decisions about actual resource reallocation. This
tion that could be used in the planning process. Inloes not preclude reallocation prior to the review:
most regional- and national-level planning, potentiakvidence from IA of a growing maize yield gap
impact of TDT activities is used as one of the criterisdbetween farm fields and experiment station instigated

in priority setting. a reallocation of personnel from breeding to agro-
nomic activities. However, there is no evidence yet

3.1.6. Example: The Kenya Agricultural that resources have been reallocated either at the

Research Institute program or institute levels as a result of KARI's

institute-wide planning process. In Kenya and else-
The Kenya Agricultural Research Institute, with as-where in Africa, hesitation in reallocating resources is
sistance from ISNAR, has made significant progressgartly linked to the difficulty of shifting human capital
on several of these fronts, by designing and implebetween research areas or physical locations, but also
menting an innovative model for institutionalizing to residual pressures from donors who wish to con-
priority setting that uses ex-ante IA and other tooldinue to fund and control special projects.
for program-level priority setting. Key features of the ~ Tanzania, Uganda, and Ethiopia have each carried
KARI model are: out IA and planning activities, but these activities are less
well institutionalized than in the KARI model. Nor are the
(1) the establishment of a senior-level working groudinks between IA and research planning well established.
charged with (a) defining the criteria and methodsThere have been important innovations aimed at bridg-
to be used in priority-setting exercises, (b) overseeing the gaps between researchers and research clients,
and in broadening the research agenda to include policies
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and organizations affecting research impact, howeveB.2.2. The Interface between Biophysical and
Tanzania and Uganda have experimented with tect®ocial Sciences

nigues to elicit better participation from research clients,

including off-farm agribusinesses. In each country Successful IA relies on the cooperation of biophysical
programs are undertaking contract research and/or sand social scientists. This suggests that placing of social
liciting greater core contributions from farm groups andscientists on teams of biophysical scientists may be the
agribusiness clients, and in turn providing these clienbest organizational structure in which to conduct IA.
groups with more control over the research agenda ariehst experiences with farming systems research sug-
involvement in M&E and IA. In Ethiopia, plans are gests that social science positions may not be filled
underway to launch a major assessment of maize reulickly, if at all. Moreover, out-posting the social scien-
search that explicitly considers the impact of governtists makes it difficult to compare findings for incorpo-
ment policies on the adoption and spread of improvedation into organizational priorities and agendas. Having
maize technology in the past, and implications for future central social science unit alleviates these problems
maize research, policies, and organizations needed &md may reduce the number of social scientists needed
promote agricultural intensification. overall. However, a central unit runs the risk of not
being able to communicate effectively with biophysical
teams, especially those based at experiment stations and
especially if funds for operating expenses are low. A
central unit also runs the risk of being perceived as a unit
of evaluators, rather than as scientists providing socio-
economic information for use by all members of the

IA remains a relatively new experience in most Afri- TDT institution. Additional work on these institutional
can NARIs. Sensitization workshops have been sugjesign questions is needed.

cessful in demonstrating that IAs can provide infor-
mation valuable for research planning, buta greatded 2 3. Including Stakeholders
of experiential learning and learning by doing remains

to be accomplished before IA is institutionalized asow to include stakeholders in research design and

part and parcel of research planning. This sectioBonduct remains a problem in developed and develop-
delineates some of the more pressing issues germapgy countries alike. This is particularly a problem if

3.2. LESSONS, ISSUES, AND FUTURE
DIRECTIONS IN INSTITUTIONALIZATION

to moving ahead with institutionalization. farmers’ organizations under-represent the smallhold-
ers that are the target of much publicly funded TDT.

3.2.1. Capacity Building for Impact Participatory research is one approach, but is imple-

Assessment mented primarily at the project level and less so at the

organizational level.
The previous section clearly shows the lack of capacity

in African NARIs for IA. Building this capacity is the 3 2 4. The Interface between NARIs and

most critical area in moving forward. Training scientists|nternal and External Factors Influencing
in assessment methods has had the most noticealpfgpact

effect, with over 200 scientists trained. However, until

these scientists are given the mandate and fundingerhaps the most critical issue in institutionalizing IA is
actually to conduct assessments, this training will not bghe interface between NARIs and those factors—inter-
put to full value. Consequently, generating the adminisng| and external—that most influence the impacts of
trative mandate, mobilizing funding, and acquiring sufyesearch. For example, suppose that an 1A suggests that
ficient data as well as continued strengthening of humayjjiet research for remote areas has had limited impact

capacity are the critical elements of continuing to builthecause of cross-border trade restrictions. Does this
capacity.
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Figure 3.1. Comprehensive Impact Assessment

COMPREHENSIVE IMPACT
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suggest that the NARI reduce millet research, lobby focultural system, including within the research organi-
trade agreements, initiate a rural development programations itself. Particularly in an ex-post assessment,
to promote millet use in the remote area, or somethingome consideration should be given to as many ben-
totally different? The answer will depend on specificefits and costs as is feasible. For example, interme-
circumstances, including the resources available to thdiate impacts may contain institutional innovations
NARI both for internal use and for influencing externalwithin the NARI that allow the NARI better to ad-
factors. Making such decisions is part of strategiadress stakeholder needs, such as greater exchange of
planning for TDT. Generating and incorporating IA ideas and innovations through participation in a re-
results into such strategic decisions in a purposive wagional research organization. Intermediate impacts
is the hallmark of a fully institutionalized IA program. may also change external constraints, such as facili-
A comprehensive IA can be thought of as covertating a relaxation of restrictions on cross-border
ing all possible benefits and costs of the technologyransport of planting materials. Recognizing the pos-
agenda (Figure 3.1). It is one way of placing thesibility of such impacts may alter the research proto-
economic numbers in a broader context. The comeols used (for example, from breeding to screening)
prehensive IA not only includes economic, social,and improve the efficiency with which the TDT is
cultural and environmental impacts, it also examinesonducted, as well as increase the impact generated
direct impacts of research within the technologywhen innovation is successful.
system and institutional changes throughout the agri-
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4. Towards a Strategic Agenda
for Impact Assessment

IAs currently are undertaken by national or regionakections. There has been a smaller degree of success
organizations largely to mobilize funds: that is, toto date in generating new funds in the field, such as
respond to the needs of donors and other providefsom USAID missions. This is possibly due to three

of funds, justifying either that past funds have beeriactors: missions have less flexibility in reallocating
used efficiently or that the current agenda has a higlunds on an annual basis than does USAID/W; the
potential payoff. This is certainly a legitimate use ofoutreach and communication of results and lessons is

IA. However, the result of this idiosyncratic ap- more difficult and time-consuming on a continent-
proach to determination of IA subjects means thatide basis than within the District of Columbia; and
important issues may go unaddressed. For examplthe closing and/or restructuring of missions has cre-
the paucity of studies on the impact of water and soihted difficulties in reallocating existing funds, with
management techniques for semi-arid regions or rdsudget problems creating difficulties in obtaining new
gions with poor soils means that |As to date ardunds.

insufficient to fully inform the debate about how best
to improve agricultural productivity and sustainability
in these areas. u
A strategic agenda for IA is a description of out-
standing issues in generating improvements in social
well-being from TDT that (1) can be informed by IA,
(2) will help to satisfy donors and other funding agents
about the impacts generated from their investments, and
(3) will help NARIs and other participants in the broader
TDT system better to allocate their efforts and re-
sources. Conjoining the last two items must be done bl
the relevant donors, NARIs, and regional agricultural
research institutes (RARIs). This section outlines the
more important issues that can be addressed by IA; the
importance of these issues suggests that related 1A will
also be useful both in mobilizing and allocating funds.

4.1. CURRENT STATUS

4.1.1. Use and Usefulness of Impact
Assessment

Impact assessments of African agricultural research
have been extremely successful in generating new
funds from donors such as USAID/Washington
(USAID/W) and the World Bank, even in the pres-
ence of declining budgets, as demonstrated in earlier
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The key impacts of 1A are:

Influence on World Bank FundinBased on the
results of impact assessments sponsored by
USAID, in a 1993 seminar at the World Bank /
Africa Technical Advisory Group (AFTAG), Jerry
Wolgin stated that USAID now recognized the
importance of continued investment in African
agricultural research, and hoped that the Bank
would come around to that view.
Collaboration.USAID and Michigan State Uni-
versity (MSU) have collaborated via the Food
Security Il (FSII) cooperative agreement with
the Bank, and notably the Special Program for
African Agricultural Research (SPAAR), to in-
crease research funding and to provide a strate-
gic perspective for improving the efficiency of
investments in TDT.

Renewed interest in research impact assessment.
Donors, Africans, and researchers have renewed
their interests in 1A for agricultural TDT. This
interest is typified in the set of IA studies cur-
rently being undertaken by the Southern African
Center for Coordination of Agricultural Research
and Training (SACCAR), and proposed by the
newly formed Association for Strengthening
Agricultural Research in East and Central Africa
(ASARECA), a committee of Directors General
of the NARIs.



B Methodological lessonsimprovements in the
speed and quality of IA methods within the Af-

rican context are drawn from the completed IA ) ) .

studies. Dissemination of methodological innova- One of the more interesting applications of ex-
i ' ) . ante rate of return (ROR) analysis is the appli-
tions has occured at workshops in West Africa cation to the semi-arid Region of Mopti in north-
sponsored in part by the USAID Bureau for east Mali. Having successfully developed
Africa (USAID/AFR) and USAID/Mali and hosted technical packages for use in southern Mali,

by INSAH, in Southern Africa sponsored by the Malian Institut d’Economie Rurale (IER)
USAID/REDSO/ESA and hosted by SACCAR, investigated using farming systems research

. . to transfer on-station results to Mopti. Henry
and in East Africa sponsored by USAID/REDSO/ de Frahan et al. (1989) projected an ROR of

ESA and hosted by ASARECA. 1 percent, which was highly sensitive to yields
and prices. Based on these findings, IER chose

These impacts form important components of not to pursue the research activity at that time.
the USAID/AFR Office of Sustainable Development The ex-ante analysis thus had the impact of

agenda of fostering agricultural technology develop-'€/€asing research resources from a poten-

ment and transfer to stimulate broad-based economi{:;":g)(/:I I%vg-rgaé/fc;fefcisg\l;ty so that they could be

growth in sub-Saharan Africa.

Box 4.1. To Invest or Not To Invest

4.1.2. Costs of Impact Assessment Studies coordination of impact assessments to save costs on
methodological development, data analysis, writeup,

The initial set of impact studies carried out in the earlyand dissemination; and (6) low salary levels in Afri-
1990s was very costly, running nearly $200,000 pecan NARIs.
study. The high cost is attributable to two primary  The current concern is that cost considerations will
factors: (1) the lack of institutional capacity for tech-cut IA budgets to the bare bones. This would result in
nology IA in African NARS required that the studies IAs that produce an ROR or other measure based on
be coordinated from abroad; and (2) the lack ofeasonable but uninspired measures of benefits and
previous impact assessments required establishmeeusts, with little understanding of what factors make
of conditions prerequisite to IA, including baselinethat ROR and the underlying program efficient or inef-
information on critical variables such as farmingficient. The value of IA lies primarily in the lessons
techniques used and farm yields. In most casesearned about improving the efficiency of agricultural
some type of farm-level survey was required toTDT, not in any single numerical measure.
generate even basic information on whether or not
farmers were utilizing new varieties, recommenda-
tions, or other innovations.

Advances in the application of impact studies in4'2' LESSONS AND ISSUES
Africa have driven the cost down to a $3,000 to
$10,000 range for studies conducted by in-countryt-2.1. Methodological Issues
researchers with a modicum of backstopping from a
regional support organization such as SACCAR ofcurrent methods of quantifying benefits and costs
INSAH. This dramatic cost reduction is the result ofare satisfactory for determining whether or not in-
(1) institutional committment by NARIs to IA; (2) vestments in agricultural TDT have generated—or
training of host-country human capacity for con-are likely to generate—positive impacts sufficient to
ducting IA within NARIs: (3) learning by doing; (4) Justify the investment. Nonetheless, the economics
adequate baseline data and data on adoption and Uyefession constantly seeks to improve our ability to
of NARI innovations, and their impact on farm fields accurately quantify benefits and costs. For applica-
(e.g. milk, grain and stover yields, etc.); (5) regionaltion to African agricultural TDT, three particularly
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needed improvements are: expanding the types afus discussion of nonmarket impacts, but don't al-
benefits and costs included in the IAs, more accuways quantify these impacts for inclusion in the
rately attributing benefits among TDT and comple-benefit-cost calculus. In the Zambian maize study,
mentary activities, and improving the description ofHoward (1995) argues that one of the positive im-
the benefits and costs that are included. pacts of the massive government subsidization of
Expanding the types of benefits and costs iniaize production and provision of low-cost food to
cluded in the 1As is necessary to account for nonmarkeg large urban population was an improvement in the
and general equilibrium effects of TDT. Non-marketpolitical stability of a recently independent nation.
effects occur when TDT improves—or harms—Surely this is an important contribution. Yet there is
some resource or amenity that is not traded in ao market measure of the value of political stability,
marketplace, such as soil fertility, biodiversity, orand quantifying this value as an economic benefit is
social or environmental characteristics. In the abat best difficult. A second interesting example is male/
sence of an observed market price, it may be difficulfemale income equality within the household. The
to determine the value that a particular society placesilja and Sanders (1996) study cited earlier shows
on this resource. For example, it is difficult to placethat, in southern Mali, the introduction of new cotton
a value on improved income equality. The problem igechniques on the communally farmed areas increases
complicated by the range of values held by particulathe labor requirements for those farms, which results
societies, and the range of societies inhabiting Africain women allocating more time to the communal plots
For example, some Africans may view wildlife as aat the expense of their private plots. Even though
natural resource to be conserved, others may view itousehold income certainly increases, and the women
as food to be eaten. Some may view wetlands dhemselves earn additional money from the extra
floodplains as ecosystems valuable to biodiversitylabor on the communal plots, the extra money is
others may view wetlands as undeveloped paddy-ricsufficient completely to offset the loss of women’s
land. Each viewpoint has merit. income from less active private plots. Over time,
In the case of cotton in Zimbabwe, 86 percent ofome women seem to be able to solve the problem
the sampled large-scale farmers are using reducdldrough cooperative action, but such changes in so-
tillage, such as a ripper instead of a conventionatial structure do not arise without painful and costly
plow. This practice reduces not only soil compactiorsocial conflict.
but also soil erosion. Nearly all farmers in the sample  The second methodological isssue—more accu-
scout their fields before using chemicals to controfrate attribution of benefits—arises because success-
pests and diseases. Large-scale commercial cottdal TDT often takes place at the same time as success
farmers use a combination of mechanical and chemin other development activities, such as infrastructure
cal weed control methods. Low-tillage land preparaimprovement. It is therefore often difficult to at-
tion, moisture management (tied ridges), and scoutribute some or all of the benefit to the TDT activity.
ing have positive environmental effects; the use oThis raises two questions: have the benefits of TDT
chemicals to control pests, diseases and weeds ahden calculated correctly in the benefit-cost analysis,
cotton monocropping have negative externalities. Thesend do the lessons learned provide implications rel-
environmental consequences of cotton R&D efforteevant to further investment? To illustrate the issue,
are recognized qualitatively but have not yet beeronsider two hypothetical technical innovations in a
included in ROR estimates (for example, Mudhara esemiarid area: an improved miillet variety and innova-
al., 1995). This is due both to lack of biophysical datdive water harvesting techniques. With just water
and to problems with valuation methods. Thereforeharvesting, yield increases from 200kg/ha to 600kg/
in designing technology programs, the issue of colha; with just the improved variety, yield increases
lecting data on environmental externalities should bérom 200kg/ha to 500kg/ha; but with both, the yield
addressed. increases to 1500kg/ha (Table 4.1). Thus, an attempt
Currently, impact analysts usually include a seri4o identify the impact of varietal improvement alone
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ers of basic foods (Weber et al., 1988). Lowering the
price of food is critical to improving their well-being.

Moreover, the social surplus approach to assessing
benefits includes the social and household benefits

Table 4.1. Hypothetical Example
of Attribution Issue

Hypothetical Traditional Improved .

vields Variety Variety from more affordable f.ood—s.u.ch as improvements
in household health, child nutrition, etc. To break out

No Water 200 kg/ha 500 kg/ha each of these effects may be very costly and data

Harvesting intensive, and has not yet been done in Africa. But the
aggregate measures of consumers’ welfare used in

Water 600 kg/ha 1,500 kg/ha  ihe penefit-cost analysis incorporate the benefits to

Harvesting

households from these effects. Since these effects
are expressed in economic or dollar terms, it is often
could find either 300kg/ha, the improvement in thenot clear to policymakers that these effects are in fact
absence of water harvesting, or 900kg/ha, the imincluded in the ROR studies. Consequently, greater
provement if the water harvesting is already in placeeffort is needed on the part of 1A analysts to make

In either case, a more appropriate analysis wouléxplicit the range of potential benefits accruing from
address the combined impact of the two techniquesgricultural TDT.

which jointly produce a greater impact than either one
might do alone.

A particular example of this problem is that poli-

cymakers are uncomfortable with the ROR measure.

The question of the accuracy of lessons learnethis suggests several actions, the first of which is
is more important. Suppose farmers adopt first watemuch broader than the TDT agenda:

harvesting and then the improved variety, so that the
attribution of yield increase is 400kg/ha to the formerl)
and 900kg/ha to the latter. This tends to obscure the
real lesson learned: the yield increase from the
complementarity between the two innovations is two
to three times the yield increase from either innova-
tion in isolation. The implication is that for similar
areas, a multifaceted research approach may generate
the biggest impact. The critical issue in attribution is
that the IA not focus on a single impact measure, but
draw forth the lessons about the best portfolio of
TDT and other investments to sustainably improve
productivity and production.

The third methodological issue—improving the
description of benefits and costs included in the IA—
is a matter of communicating economic concepts t@)
policymakers and other client groups. Most research
IA calculates benefits as improvements in social sur-
plus. These benefits include improvements in pro-
ducer welfare due to greater net returns from farming
or other agricultural activities, and improved con-
sumer welfare due to lower food agricultural prices.
The latter is particularly important, since many of the
poorest of the poor farmers cannot feed their families
on their small land holdings, and so are net purchas-
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Management training sessions should be given on
topics of investment or project analysis. RORs
remain the most useful single measure of the
benefits, costs, and time pattern of research in-
vestments and impacts. It is important that poli-
cymakers understand ROR. This understanding
is critically important for continued receipt of
donor funds if research managers in developing
countries are to determine their own develop-
ment agenda and supporting investments in an
accountable fashion. For example, the World
Bank requires ex-ante ROR analysis of projects
(with a special exemption for TDT because of
the uncertain nature of the research process).
Possibly researchers could present the results in
terms of some measure of project valuation that
is largely equivalent in economic terms to ROR,
but uses different words. Net present value or
annuity value are possibilities. Sanders (1994)
reports some success in policy-maker accep-
tance of these terms. The disadvantage of these
measures is that they depend in large part on the
size of the project, and may incorrectly be inter-
preted in a manner that leads to “bigger is better”



project selection. The national sensitization workprimarily toward resource-poor areas, success usu-
shops conducted in southern Africa have madally takes the form of lower yield losses due to poor
important contributions to understanding of RORrainfall by introducing drought-resistant or short-
measures (Anandajayasekeram and Martella, 1996ycle varieties, or otherwise adding stability to a
1996). subsistence farming system. Such has been the case
3) As noted above, IA could incorporate explicit with sorghum and millet varieties released in Namibia
quantification of benefits such as increased nutriand Zimbabwe (Anandajayasekeram et al., 1995).
tion, health improvements, etc. Some of thesetability may be of critical importance for household
may be fairly straightforward to incorporate, food security among the subsistence smallholders
others are more complicated and may requirdarming these areas, but it is unlikely to generate large
detailed field surveys to generate the necessaryurpluses and transformation to a market-based agri-
information, increasing the cost and duration ofculture. For example, most cereals crops evidence
IA studies. some sort of tradeoff between the level of photosyn-
thesis and efficiency of water use, (Austin, 1985;
4.2.2. Thematic and Programmatic Areas Baker, 1989), making it difficult to breed high-yield-
ing varieties for semiarid areas.
If IA is to assist in defining research priorities, itmust ~ Previously, agricultural TDT for resource-poor
be able to inform questions about the potential payareas should be oriented less toward development and
offs of different research directions. This sectionagricultural transformation, and more toward disaster
discusses the most important of the thematic angrevention. In years with poor weather, the people
programmatic issues that IA can address, and didiving in resource-poor areas are likely to take the
cusses lessons learned to date. In every case, currémunt of crop shortfalls and livestock stress. The
information is sketchy: each issue is a candidiate foobjectives of TDT in resource-poor areas thus in-

further investigation by future IAs. clude stabilizing yields and sustaining or enhancing

the natural resource base, in addition to increasing
4.2.2.1. Defing a Research Agenda for income. Investors in TDT for resource-poor areas
Resource-Poor Areas should recognize and accept stability and sustainability

as objectives, and judge the merit of their investments

Much of the evidence to date on a research agendacordingly.
for resource-poor areas is summarized in section However, it is also necessary to recognize the
2.2.1. This evidence suggests that some combinatidmportance of moving away from the historic pro-
of technical innovations to improve natural resourcesgess of selecting early material, because this material
harvest water, and improve genotypes can be sucften does not respond well to normal or good rainfall
cessful. The evidence is unclear about the sequenciygars or to improvements in fertility. It is not appro-
of such technical innovations, and in all likelihood, thepriate to condemn these regions to strategies that
sequencing will vary by area and farming systemnever involve moderate to substantial imporvements
depending on the current status of the farming anih farmers’ incomes, as have been achieved in devel-
technology systems and how these systems evolaped countries. The necessary second stage in devel-
over time. Thus, the evidence provides a modicum obping technology for semiarid regions is to alleviate
optimism about further investments in TDT for re-the inadequate availability of water and the low soil
source-poor areas. fertility. As water harvesting and soil fertility im-

However, economists and social policymakersprovements are introduced, breeders must also be
should not underestimate the difficulty of agricultural producing medium- and longer-term cultivars to take
research oriented toward resource-poor areas, paadvantage of these improved agronomic conditions
ticularly if economic growth and transformation are(Sanders, Shapiro, and Ramaswamy, 1996; Shapiro
the objectives. When research is directed first andt al., 1993).
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A final point on semiarid environments is that, .
once the water availability and soil fertility is im- Box 4.2. TDT for African Smallholders

proved, semiarid regions have advantages over higher

rainfall environments resulting from lower disease African agricultural research institutes have
9 become more attuned to smallholder needs.

incidence. Semiarid regions often become excellentrpe development of maize in southern Africa
agricultural areas, as has occurred in Australia, Israelis a good example. Colonial Southern Rhode-
California, and Arizona. Much of the discussion on sia was known for its development of maize
low resource and high resource regions is sterile ifybrids, especially SR1, developed in the early

the semiarid zone can successfully and sustainabl%gwS at about the same time as the first U.S.
harvest water and increase soil fer)t/ilit ybrids, and SR52, a high-yielding, long-cycle
Y- variety released in 1960 and still planted widely

Unfortunately, the benefit calculations used in by commercial farmers throughout Southern
most ROR and benefit-cost analyses of agriculturalafrica.
TDT do a poor job of including stability and sustain- Following the end of Zimbabwe’s war of
ability as measured benefits. This methodologicalindependence in 1980, two early-maturity,
gap, noted above, thus leads to an intellectual gap ishort-stature varieties that had been released

. . o previously were widely adopted by smallhold-
our understanding of the differences in impacts Ofers. More recently, the Zambian research sys-

TDT investments in resource-poor areas Versus reiam released four short-cycle varieties suit-
source-abundant areas. Informing the decisions abouible for low-rainfall areas, and the Malawi
(1) the economic tradeoffs in allocating funds acrossresearch system released a high-yielding vari-
agroclimatic regions with different resource endow- ety with flint characteristics desired by small-

ments and (2) how best to measure impacts in investbOId[\?cr)Sn'e of these “smallholder” varieties
ments in resource-poor areas are thus critical issuegutperfrom SR52 under high input and high

for further investigation through 1As and other stud- \5infall conditions. but they are far more suc-

ies. cessful in low-rainfall areas. And since these
areas actually account for very large shares of

4.2.2.2. Allocating Effort Between Subsistencetotal production, the post-independence focus

and Commercial Farming on smallholders actually improved the effec-
tiveness of research as well as its equity.

The impact studies demonstrate that African agricul*
tural productivity and production has increased over
the past three decades, but at rate slower than the
population growth rate. Nonfarm employment andbut such activities are economically inefficient in an
the urban population have increased at a faster ragmvironment of high and rising labor availability in
than rural society but are still not large enough taural areas. Since the 1960s, newly independent Af-
absorb all of the increase in total national populationtican countries have redirected their research less
As a result, the farm population will continue to risetoward large commercial farms and more toward
for several decades, leading to inexorable growth ismallholders, but even more focus on small-holder
labor availability per hectare. Employing the growingagriculture is needed.
labor force while feeding the growing urban popula-  The underlying question thus becomes: What is
tion will require steadily more labor-intensive and alsothe best way to assist smallholder subsistence farm-
more market-oriented farming sector—or else coners to become small-scale commercial farmers, pro-
tinual reductions in living standards and reliance orducing more than enough for their own household
foreign aid. needs and selling their marketable surplus to increase
Africa has already demonstrated the capacity toheir incomes and the food supply to other consum-
compete in the production of food and export crop®rs. The transition from subsistence to commercial
under mechanized, large-scale commercial conditiongsmallholder needs four components:
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B improved techniques, so that farmers can progeneral, purchased inputs are not always used in
duce more than they need; products for sale, and products sold do not always
B an input market or some other type of deliveryused purchased inputs.
system for the improved technique or the inputs  The issue is to determine an appropriate portfolio

embodying them; of investments in TDT and improvements in accom-
B an output market in which to sell their marketablepanying markets. There is a distinct paucity of efforts
surplus; and that examine quantitatively the sequencing of and

B farmer knowledge and interest in how to use thenteractions between market and technical develop-
innovative techniques and participate in marketsment. For example, Demeke, Said, and Jayne (1996)
use a marketing perspective to look at interactions
The issue of the relationship between technicabetween fertilizer and improved grain techniques to
change and market development is one of determirdetermine how to increase grain production in Ethio-
ing how to proceed with the development of the foumpia. The authors provide specific and actionable fer-
components. tilizer-marketing recommendations with quantifica-
tion of the cost savings involved in each
4.2.2.3. The Relationship between Technical recommendation. In contrast, their conclusions pro-
Change and Market Development vide little in the way of specific recommendations for
TDT:
To posit a sequencing of technical innovation and
market development on purely conceptual grounds is The rate and time of fertilizer application, the con-
to run in circles: if there are no markets then no trol of weeds, diseases and pests, the level of
farmer will produce a surplus for the market, but if organic matter in the soil, drainage conditions (in

f duci ketabl | h water-logged areas) and moisture conservation (in
no farmers are producing a marketable surplus, then , ;e siress areas) ...[tjhe use of complementary

there is no market. This suggests a strategy of simul- jnputs and cultural packages are indispensable
taneously investing in market development and tech- components [of] the package necessary to improve

nical innovation. The problem with this strategy is the efficiency of fertilizers (pp 14-15).
that it is too general, providing little in the way of
actual investment guidance, and ignores the specificEhis analysis is symptomatic of the difficulties in-
of market-technology interactions in any particularvolved in sorting out the complex interactions that
project area. determine the optimal sequencing of investments in
The Comp|exity of market-technok‘)gy interac- technical innovation and input and output markets.
tions reflects the complexity of farm activity itself. Despite the lack of quantitative evidence on inter-
African smallholders often produce a variety of prod-actions among technical innovations and market de-
ucts fulfilling a variety of needs, using a variety of velopment, there is considerable anecdotal and de-
inputs. Cash income from one source may be used &sriptive evidence. A fascinating analysis is the
invest in something entirely different, often with closedescription by Smith et al. (1994) of the introduction
links between farm and nonfarm activities. For ex-Of maize into the northern guinea savanna of Nigeria.
ample, a typical rural household in the semiarid reThe authors compared cropping patterns found in a
gions of Zimbabwe uses a significant share of itst989 survey with descriptions of farming systems
cash income to buy hybrid maize seeds, but rarelffom the mid-1960s to 1981 (Box 4.3). In the mid-
sells maize—it raises cash from other sources, inl960s maize was of little importance. By 1989 maize
cluding sales of “cash crops” that use few purchase#as “one of the three most important food crops in
inputs (for example, groundnuts and sunflowers)@ll but one [26/27] of the sample villages, and one of
labor-intensive cottage industries (like brickmaking,the three most important cash crops in 70% of vil-
basketweaving, and beer brewing), and remittancd@ges (p. 543).” The authors argue that the underlying
(that is, seasonal or semi-permanent migration). I§auses of this change were the introduction in the

37



Box 4.3. Maize Intensification
in Nigeria

In the 1970s maize was a minor, ‘backyard’
crop in the northern guinea savanna of Nige-
ria. By 1987 it was one of the most important
food and cash crops in the area. Maize helped
to transform the farming system from subsis-
tence to intensive, annual cultivation of food
and cash crops. The critical factors spurring
this transformation were:

B maize varietal development in the mid 1970s,

Box 4.4. Demand for and Production
of Malian Maize

The Mali impact study and further analysis by
Boughton (1995) provide considerable insight
into the relationships between technical innova-
tion and markets. Oehmke (1996) reviewed the
Mali evidence, concluding: “(1) when neither in-
put nor output markets function effectively, there
is little adoption of technical innovation (evidenced
by the OHV/CMDT comparison), (2) the exist-
ence of a reasonable input market or other sup-
ply mechanism is important to the adoption of

and innovations, (3) the contribution of these innova-
B road improvement in the late 1970s. tions to agricultural transformation is determined
largely by the demand for the farm product as
expressed through the marketplace, and (4) the
existence of a well-functioning, input-supply

Specific characteristics of the cereals sec-
tor that allowed continued intensification in-

clude: mechanism for improved inputs is not sufficient
to generate market demand for the output.” The
B TZB yield and profitability advantage, implication is that investment in the input supply
B maize use as food and its storability, systems is insufficient to generate agricultural
B reduced reliance on output markets, transformation even when technical advances
B cash compensated for underdeveloped are possible. The output market must also be
credit markets, functioning.
B divisible technology (variety) allowed small-
holder participation, and
B fertilizer subsidy. possible with minimal extensions” (Smith et al., 1994, p.

547). This finding is consistent with the quantitative
literature, which shows that although payoffs to agricul-
tural extensions are generally good in developing coun-
mid 1970s of the TZB maize variety, ideally suited totries, extension is rarely a necessary component of
the agroclimate and to consumers’ tastes, and in theuccessful agricultural TDT (Oehmke, 1997).
late 1970s the construction and improvement of roads. The second interesting finding from Smith et al.
Adoption rates for improved maize varieties are extelates to the sequencing of market and TDT invest-
tremely high, virtually reaching 100 percent in overments. Even though Nigeria has a history of subsidiz-
one-half of the sample villages. Following adoption ofing fertilizer, prior to the adoption of improved maize
TZB, farmers also increased fertilizer and animalhere was little fertilizer use in the study area. Fertil-
traction use. izer prices were lower than the import parity price,
Two interesting findings regarding the sequencingout remained three to four times the offical price.
of TDT and other investments arise from the Smith eEven at these prices, supply is a problem, “as a result
al. study. The first relates to the need for extensionf which farmers have been unable to get as much
services. A fertilizer and improved seed package watertilizer as they wanted at the right time. In spite of
extended by agricultural development projects (ADPs)hese availability problems fertilizer has been widely
working in three enclaves. “It should be noted thaidopted, indicating that when the returns to fertilizer
although the ADPs were concentrated in three enclavese high, farmers are willing to expend much time and
during the maize adoption periods, improved maizesffort to obtain fertilizer” (Smith et al., 1994, pp.
spread throughout the region, indicating that when &47-48).” This suggests that the development of
technology meets farmers’ needs, its dissemination isutput markets and a marketable surplus could logi-

Source: Smith et al., 1994.
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cally precede development of input markets. whose transport costs are relatively low, they still
A second study informing this issue is a com-benefit greatly from adopting the new foodcrop tech-
modity-sector study of Malian maize, conducted as aology. Many farmers in Zimbabwe, for example,
follow-on to the Malian 1A study. A critical factor in use hybrid maize mainly to reduce the land area and
many farmers’ decisions to adopt maize was a priceffort needed to feed their families, and to increase
guarantee from the grain marketing board. When thitheir production of cotton, groundnuts, sunflower,
guarantee was removed, the regional parastatal corand other crops. What is most important is output
pensated for a short period but could not maintaimarket development in commodities with latent de-
price guarantees in the face of uncertain nationahand, permitting farmers to adjust their mix of activi-
demand. Limited demand for maize as a staple footles to take advantage of new opportunities as they
means that broad adoption of maize as a cash crapise.
would flood the market, and prices would decline  Summarizing the evidence on input and output
dramatically. Consequently, even though the paybackarkets and technology leads to the following hy-
on investment in the Compagnie Malienne pour lgotheses:
Developpement des Textiles (CMDT) maize program
is among the highest in the world, the area planted t® A functioning output market with reasonably stable
maize is limited to 90,000 to 120,000 ha. under and profitable (for farmers) prices is necessary
current output market conditions. to absorb increases in production of the magni-
Looking more generally at Malian grain and le- tude associated with agricultural transformation.
gume production and markets, Staatz (1989) conM The output marketing structure itself may develop

tends that: simultaneously with agricultural transformation.
B Guaranteed output markets and prices can pro-
The fact that markets have developed for some vide considerable incentives to farmers, and the
general purpose inputs suggests that if markets supply response is often large.

are missing for other types of inputs, the first
hypothesis that should be tested is that, given
current relative prices, the input won't pay for

Guaranteed output markets and prices for food
crops often cannot be maintained in the face of

itself at the farm level. The policy implication of alarge supply response: limited domestic demand
this hypothesis, if verified, is that efforts should be often means that the guaranteed price amounts to
put first into increasing the productivity of the a financially unsustainable subsidy.

input rather than trying “artificially” to create a  m  gjgnificant technical change in the absence of

delivery system for which msufﬁgent effective price intervention may lead to output price fluc-
demand exists, unless such a delivery system can tuations

substantially reduce the real delivered cost of the )
inputs to the farmers (p. 16). B Farmers will and have found ways to purchase

improved inputs for cash crops.

Coupling Staatz's argument about input marketd The private sector can and has provided input
with the maize demand constraint suggests that greater markets in some areas.
emphasis should be placed on output market develof The emergence of a functioning, private-sector
ment as an investment complementary to agricultural  input market to provide inputs embodying tech-
TDT. An important complexity is that the key output ~ Nical advances, such as high-yielding seeds, may
markets are not always the ones in which technical take a decade or longer.
change occurs. Much of rural Africa is roughly self-B There is arole for the public sector in maintaining
sufficient in major food products, with market devel-  input supply during the development of private
opment limited by very high transport costs. As a  markets.
result, farmers may not be able to sell the increased
output from adopting a higher-yielding foodcrop tech- ~ Synthesizing these points suggests that investments
nology. But if they can sell some other productcomplementary to TDT be directed toward develop-
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Table 4.2. Summary of On-Going Impact Assessment Studies in Southern Africa

Author(s) Country Commodity Time Period

Ministry of Agriculture, SACCAR, CIMMYT Tanzania Maize 1974-2005

DR&SS and SADC/ICRISAT SMIP Zimbabwe Pearl millet ~ 1987-2005
Sorghum SV2 1981-2005

DR&SS and SACCAR Zimbabwe Sunflower, 1975-2000
soybeans, and
groundnuts

Ministry of Agriculture and SADC/ICRISAT Namibia Pearl millet  1987-2005

SMIP

Agricultural Research Council and SACCAR South Africa Russian wheat1980-2005
aphid control

Agricultural Research Council and SACCAR South Africa Lachenalia 1980-2005
Agricultural Research Council and SACCAR South Africa Agroforestry 1980-2005

ment of physical and institutional services with public-(SADCC) countries and South Africa, covering a vari-
good characteristics for output markets—that is, serety of different agricultural innovations.

vices such as market information systems or roads that . .

can be used by large numbers of people at low coét"?"z' Future Directions

without preventing others from using the same SENVIC8r e guestions are critical to the future of African

Wh.ether or not t_hese hypoth.eses \_N'” hOId up undq thggricultural TDT, and indeed critical to the future of
variety of conditions seen in Africa is an empirical

’ i African agriculture:
guestion that merits further efforts.

B How do we use the funds we have more effi-

ciently?
4.3. CURRENT AND FUTURE B Are current funding levels sufficient?
DIRECTIONS B If not, how do we get more funds?

Improved TDT efficiency requires institutional
4.3.1. Studies Currently Underway innovations in research, extension, and other TDT
organizations, and just as importantly, innovations in
With over 200 African scientists having received atleasfoy these organizations interact with one another.
short-term IA training, it is often difficult to determine |ncreased funding is needed so that funding levels are
exactly what studies are ongoing until the disseminatiogzple and consistent with the level of continuing

process begins. The biggest constraints to increasifgchnological advances needed for agricultural trans-
the use of IA are limited scientist time and operatinggrmation and more rapid economic growth.

expenses. It is clear that at least some of the trained

scientists are doing some work, often shoestringing 2 3.2 1. Institutional Innovations for Improved
budget together. For example, SACCAR has compiled ¥DT Efficiency

list of know, ongoing IAs in Southern Africa (Table

4.2). Seven ex-ante studies are ongoing in three Soutithe IA and a number of other assessments and
ern Africa Development Coordinating Committee descriptions of African agricultural TDT institutions
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show considerable problems with the institutional4.3.2.2. Are Current Funding Levels
paradigms under which these institutions operateSufficient?
These problems include low salaries, limited or non-
existent operating expenses, lack of scientific interacCurrent levels of funding for African agricultural
tions within and between organizations, lack of finan+esearch are embarrassingly low. In a sample of 19
cial accountability, lack of accountability for impact, sub-Saharan countries, agricultural research expendi-
etc. 1A is currently considered as part of the solutiortures average about 0.8 percent of the value of agri-
at least to lack of accountability for impact, andcultural production (Pardey, Roseboom, and Beintema,
closely related to improved financial accountability 1995). This is far less than the World Bank’s target
(since IA typically records or uses existing informa-of 2 percent (which is perhaps best viewed as a
tion on the cost of the TDT that generates—or failaninimum level).
to generate—impact). Given the current situation, In their sample of 19 sub-Saharan countries,
this is appropriate. However, one must be delicate iPardey, Roseboom, and Beintema found that real
the use of IA for accountability. expenditures are growing but the rate of growth is
The current situation in African agricultural TDT very slow. For the sample, the average annual growth
institutions is largely characterized by undirected refates of expenditures are 2.6 percent for 1971-1981
search. Scientists do what they can with limitedand 0.1 percent for 1981-1991. This growth rate in
funds, which sometimes even curtail interactionsexpenditures masks trends indicative of declining use
with farmers, or investigate areas of interest to doef funds on research—TDT institutions have become
nors. Priority-setting exercises are new, and allocaemployment rather than research centers. The growth
tion of resources to African priority areas is ham-rate of researchers was 4.8 percent for 1971-1981
pered by political and institutional processes in additiorand 2.8 percent for 1981-1991. Expenditures per
to the lack of operating funds and fungible supportresearcher declined by nearly 15 percent in just five
Integration of social goals and off-farm socioeco-years, from 1986 to 1991. At the same time, the
nomic constraints into research agendas and projentumber of support staff per researcher—nearly 10—
selection is superficial. 1A can help to draw the linksis exorbitant. As a consequence, personnel expendi-
between successful science and positive social changeres per researcher (salaries) have been declining in
Knowledge of the links can help TDT institutions to real monetary terms but are growing as a share of the
realize greater impact and be more accountable ibudget. Operating expenses have fallen in real mon-
their generation of impact. etary terms and as a share of the budget, to about 25
The critical issue is that IA be used to inform percent of costs for government agencies, or about
individual and institutional decision making from a one-half the usual rule of thumb. The result is TDT
systems perspective, and not substitute for weightinstitutions that struggle to generate impact. Scientist
discussion and consideration. At its worst extremeturnover is high, and scientific research is hampered
IA can lead to hyper-delineation of research projectby the lack of operating expenses. Considerable an-
and activities, so that the researcher is no longer ecdotal evidence indicates that some institutions lack
scientist in quest of knowledge and innovation, but &ven the operating funds to pay for a reasonable
factotum carrying out a prescribed sequence of acumber of farm visits by research scientists.
tivities with little place for thought or ingenuity. Even more embarrassing to African policymak-
The development path on which TDT institutionsers is the declining importance of agricultural re-
and individuals must strive to remain is a happysearch in African priorities. As a proportion of total
medium. NARIs must strive to direct TDT activities government expenditures, from 1971 to 1991 na-
toward those priority areas expected to generate th@nal governments decreased their relative funding
greatest social impact, while maintaining enough flexfor agricultural research by 37 percent (Pardey,
ibility to allow scientists to be innovative and entre-Roseboom, and Beintema). The five countries in the
preneurial in their activities. sample with incomes between $750 and $1,500 (1985
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international dollars) and the four countries with in-now time that IAs become more intricately linked
comes in excess of $1,500 per capita—those coumwith financing initiatives.
tries most able to afford it—showed a decline of A second important agenda item for 1A in gener-
nearly two-thirds in the relative level of agricultural ating funding is distribution, extension, and discus-
research expenditures. In a 23-country sample, Pardesipn. Sensitization workshops are one of many ways
Roseboom, and Beintema found that donors providedf doing this successfully. Any and all appropriate
62 percent of agricultural research and developmentethods should be used to facilitate the education of
funding to African countries with per capita incomespolicymakers in the benefits of agricultural TDT.
of less than $750/annum, and 32 percent for counfhis is a long, expensive, and time-consuming pro-
tries with per capita incomes of $750 to $1500.cess. But it has to be done. If agriculturally based,
These data clearly show that African government#frican economies are going to develop, agricultural
have chosen not to invest in agricultural research. TDT systems will play important roles in the devel-
The failure of the 1970s and 1980s is not in theopment process. Underfunded TDT systems will not
performance of African agricultural research; it is inbe able to fulfill their needed roles.
the funding. Agricultural TDT is a good—perhaps
even the best—tool for generating long-run, sustain4.3.3. Implications for the Technology
able improvements in income, nutrition, and welfarelmpact Assessment Agenda
in agriculturally based economies. To neglect this
approach raises serious questions about African antb date, the 1A agenda has been concerned primarily
donor committment to sustainable economic growthwith the mobilization of resources for African agri-
cultural TDT, with important but secondary empha-
4.3.2.3. Generating Sufficient Funding for sis on improving the efficiency with which these
TDT resources are used. By now it is clear to all who
examine the evidence that there is a strong case to be
Activities oriented toward generating funding for TDT, made for continued investment in African agricultural
such as work on sustainable financing mechanism&DT at increasing levels of funding.
or accountability procedures, have been largely sepa- Impact assessments have also raised issues re-
rate from IA activities. To date, this has been approfated to improved efficiency of technology systems,
priate. The primary objectives of early |A studiesbut has not taken the step to derive actionable recom-
were to quantify the levels of impacts relative to themendations to resolve these issues. This is consistent
costs and to delineate those factors most influencingith the relative emphasis placed on these issues in
the impacts or lack thereof. The very real problemshe bulk of the ROR studies. It is now time to move
of NARIs and NARS notwithstanding, the conclusionthe IA agenda to making actionable recommendations
to be drawn from the IA studies and examination ofon improving the efficiency of technology systems.
funding patterns is that increases in funding for Af-This section describes the type of IA studies needed
rican agricultural TDT are necessary for significantto accomplish the outcome of actionable recommen-
improvement in African welfare. Obtaining such in- dations that are based on solid socioeconomic analy-
creases will require confidence on the part of thesis.
investor—whether it be a national government, pro-
ducer group, or donor. One way of obtaining suct.3.3.1. Institutional Strengthening
confidence is to provide the investor with a docu-
mented record of success and/or lessons learnddstitutional strengthening is needed to improve the
from past activities that were less successful, and exfficiency of national, regional, and in some cases
ante 1As showing how these lessons have been incointernational research organizations and systems.
porated into the proposed project and the impacts t8pecific recommendations related to IA are made in
be generated from that project. Consequently, it i€hapter 3 of this report. More generally, strengthen-
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ing is needed to improve the mobilization and alloca-  In West Africa, the historical method for improv-
tion of research resources by African technologying semiarid regions is to introduce shorter season
systems. millet and sorghum cultivars and thereby obtain
The specific strengthening actions needed wildrought escape. This is a portfolio strategy, which
depend in individual circumstances, but a start can beeduces risk and increases incomes in low rainfall
made by synthesizing information from institution years. However, in adequate and good rainfall condi-
and project reports, many of which are available irtions, these cultivars are not able to take advantage of
Washington D.C. Follow-up with directors general ofthe improved conditions and often suffer more than
NARIs and with NARI stakeholders is critical. The local longer-season cultivars from insects and dis-
type of follow-up will depend largely on each directorease. Stem borers, head bugs, mold, and bird damage
general’'s specific circumstances, and the resultinpgave all been documented to attack especially hard
actions are in many cases likely to be oriented toearly cultivars of millet and sorghum. Hence, to
wards managerial actions rather than part of 1A ofncrease income in these semiarid regions, more at-
existing or potential techniques. USAID may wish totention to water harvesting and to increasing soil
make available to NARI directors general upon theiffertility—most likely through increased application of
request technical assistance from a team of researohganic and inorganic fertilizers—is necessary. Then,
management specialists to improve managemembedium and longer season cultivars can take advan-
mechanisms. Some of this is in place in the form ofage of the improved agronomic environment.
technical assistance for financial accountability. The In East and Southern Africa, drought escape also
point here is to extend this assistance to help NARItakes the form of short-cycle, high-yielding maize
delineate administrative mechanisms for reallocatingarieties that in some cases have replaced millet and
financial and human resources to those areas amrghum in drier areas. The development strategy in
priorities that are expected to generate the greatetiiese areas differs from that in arid and semiarid
social benefit. West Africa because of the potential of yields up to
6 t/ha obtained with short-cycle maize—up to six
4.3.3.2. Sequencing the Research Agenda fortimes the level obtained with local varieties under
Resource-Poor Areas low-input conditions. The important NRM question
in these areas is the stability and sustainability of the
The interface between innovative natural resource&arious maize farming systems and practices, par-
management techniques and traditional agriculturdicularly in areas with fragile soils having the potential
innovations aimed at increasing on-farm productivityfor degradation, fertility loss and erosion under poor
is especially critical in resource-poor areas. Appropriinanagement conditions.
ate sequencing of complementary innovations is cru- In the hilly areas of Africa, terraces, bunds, and
cial for significant and sustainable improvements irvegetative barriers prevent erosion from washing the
the welfare of the people living in these areas. Therarm into the valley. The traditional methods of con-
is no single “right” sequence. Each area has its owatructing these barriers tend to be very labor intensive
specific needs and opportunities, and there may be ramd are done only by farmers with very low oppor-
“right” sequence even for a small area. The key is thaunity costs. However, once these investments are
location-specific investigations can identify wheremade, there is substantial potential in the new agricul-
the greatest complementarities between natural rédral system. These investments make possible the
source and agricultural productivity TDT lie. Impact use of more intensive production methods (inorganic
assessments to date clearly indicate that such compleertilizers) and more valuable crops. Again it is nec-
mentarities generally exist, but that they may takeessary to be selective about where public policy
very different forms in different local areas. The jointfacilitates this technical change, as not all hillsides are
research agenda for NRM and agriculture can then beapable of sustainably producing marketable sur-
built around these complementarities. pluses.

43



Despite the regional generalizations made aboveyre likely to generate broad-based social improvements
the critical issue reamins that the portfolio of NRM, through lower food prices, higher food quantities, and
agricultural production, and postproduction innova-improved food access if the innovations are applied to
tions needs to be tailored to the local agroclimatic andgricultural outputs that have or can develop a large
socioeconomic conditions. Moreover, there is namarket. Innovations in niche crops may be remunerative
guarantee that a successful portfolio can be found fdsut are unlikely to stimulate agricultural transformation.
very low rainfall and poor soil quality areas. Finally, Innovations in basic food and fiber crops or major
it is important to reiterate that in such areas, the goaxport crops have the potential to ignite the transforma-
of investment in research and technology transfetion of the agricultural system and thereby benefit much
may be sustainable alleviation of rural poverty, ratheof the population. It is these innovations that are most
than agricultural transformation. likely to raise agricultural and economic growth rates
measurably.

In an era of structural adjustment and market
liberalization, trade becomes a key determinant of

Since independence, most African NARIs have reOripotential market size. Interesting theoretical models
ented their research agendas less towards comm@j- the relationships among trade, technical innova-

cial farms and more towards smallholders. This haQO”' mar!(et size, returns to research, and growth
resulted in a number of technical innovations andnCIUde Dinopoulos, Oehmke, and Segerstrom, 1993;

agronomic recommendations directed toward sma”thmke, 1995; and Danp_OUIO_S and Oehmke, 1_997'
holder, low-input farming systems. Since NARIs areYet these models provide little in the way of applica-

supported by public-sector funds—either from do-tion. Block (1994) has examined the relationship be-

nors or from national government—this reorientationtVee" agricultural innovation and agricultural and

is appropriate and worth intensifying. Impact asses<£conomic growth in an African context, but lacks the

ments often focus on the effects of technical innova'Eheoretlcal fogndatlons to make strong actionable
recommendations.

tions on smallholders but rarely make the link be- » ] _
tween increases in smallholder productivity and There are two critical questions to be answered:

aggregate agricultural growth. If the goal of agricul-g
tural TDT is agricultural transformation, then a better
understanding of how smallholders can be released
from the constraints of subsistence farming and be-
come involved in farming as a way of generating bothg
food and cash income, and of how TDT can facilitate
this process, is critical to determining how best to
formulate the smallholder research agenda. Impact
assessments that measure impacts both at the farm

level and the translation of these farm-level effects tar o answers to these questions will be region, coun-
faster national growth rates can provide importan{ry, and commodity specific, but are the essence of
information on this issue. actionable statements

4.3.3.3. Public-Sector Investment in Research
for Smallholders

How do African agricultural research organiza-
tions incorporate emerging output market and
trade regimes into their research planning and
resource allocation? and

What trade and output market investments or
policies are most complementary to agricultural
innovation in stimulating broad-based economic
growth?

4.3.3.4. Markets, Trade, and Growth 4.3.4. The Impact Assessment Agenda

For smallholders and large commercial farmers alikegy,mmarizing the above discussion leads to a technical
the IAs have shown that output markets are most likelygenga for impact assessment with five major items:
the primary determinant of the aggregate impact of

innovative techniques. That is, agricultural innovationd Impact assessments that quantify the economic
that are successful in improving the welfare of farmers  benefits and costs of TDT as part of the agenda
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to mobilize additional resources for TDThese
studies should include both ex-post studies to
document the impacts of past investments and
what factors have influenced the type and mag-
nitude of impact, and ex-ante studies that provide
information to predict the adoption, income, and
price effects of potential innovations either re-
cently introduced or still in the development and
testing stage. Lessons from the studies help to
define priority areas for research and to achieve
the greatest impact from developed and released
innovations. Results and lessons learned should
be extended to national governments and donors
as they make decisions about the mobilization of
funds for agriculture and agricultural TDT.

Impact assessments that develop and test improvdl
methods for incorporating a full range of social
benefits and costs, including the impacts on the
stability and sustainability of present and potential
agricultural practices and innovations; the distri-
bution of benefits among different groups in soci-
ety, particularly the poor and other disadvantaged
groups; and the impacts on the welfare of indi-
vidual family members, especially women and chil-
dren Traditional benefit measures focus on in-
creases in farm incomes and reductions in the price
of food to consumers. These studies use recently
developed or new methods to include relevant con-
siderations such as environmental sustainability, as
well as to focus on particular impacts in particular
groups, such as how child nutrition is enhanced by
greater availability of more affordable food. Les-
sons from these studies are crucial to more effec-
tive allocation and prioritization of TDT and comple-
mentary funds. |

Assessments of complementary factors contributing
to impact.Even though agricultural TDT is neces-
sary for achieving social goals such as poverty
alleviation in Africa, TDT cannot succeed by itself.
With the emergence of Africa from structural ad-
justment, devaluation, the enfranchisement of the
majority in South Africa, privatization, etc., oppor-
tunities for making investments complementary to
TDT abound. These studies investigate such op-
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portunities, focusing on input and output market
development and evolution, price stability for agri-
cultural products, infrastructure development, and
new product development and promotion. The stud-
ies would adapt to TDT assessment methods devel-
oped elsewhere for evaluating the performance of
the other factors, most notably simulation and pro-
jection of market evolution and new product utiliza-
tion, and commodity sector analysis of existing
markets. Lessons from these assessments will help
TDT systems respond to the changing policies and
economics, and conversely will inform comple-
mentary investments to translate farm-level pro-
ductivity increases into broad improvement in indi-
vidual welfare.

Assessment of institutional impacts to help under-
stand the links from institutional innovation in
agricultural TDT systems to improved quantity and
quality of innovations released to increased adop-
tion and use of these innovations to greater social
benefits. These studies analyze the interfaces be-
tween management capacity, institutional culture,
and socioeconomic impact. Due to the complexity
of the interfaces, these studies will be more costly
than other types of IA, but conducting a few of
these studies as in-depth components of ex-post
and ex-ante IA is fundamental to improve the vitality
of TDT organizations. They can build on the con-
ceptual and empirical advances of incorporating
sustainability and gender issues. Lessons from these
assessments are used to guide strengthening pro-
cesses for TDT institutions and systems to achieve
more efficient use of funds and greater impact.

Impact assessments that verify the links between
innovation at the farm or micro level, and im-
proved macro-economic performanderevious
neglect of the apparent inconsistency between high
RORs and poor aggregate performance has ham-
pered the mobilization of TDT funds. These studies
provide needed conceptual and applied work on
assessment of the contributions of agricultural TDT
to sectoral objectives such as sustainable agricul-
tural transformation and to social goals such as
growth in per capita income, poverty alleviation,



and food security. Within this thrust, emphasis isU.S. universities, African universities, and African TDT
placed on assessments of the impact of agriculturalystems. Theoretical and methodological development
TDT on social objectives via the mechanisms ofwould take place at universities, with participation of
agricultural trade and agricultural growth, consider-and some long-term training of NARS scientists. Appli-
ing the expanding opportunities for regional tradecation and validation would take place within the TDT
and the emergence of regional platforms for TDT system, with intellectual support and assistance from
Lessons from these assessments will inform théhe universities. Directors general of NARIs and chief
allocation of national and regional resources to enexecutive officers of other institutions in the TDT sys-
hance trade and growth. tems should help to coordinate the application in a
manner that informs those guestions and issues that will
Studies conducted in the context of the first itemmost influence their resource allocation decisions.
should be carried out primarily by African institu- The fourth and fifth items also exhibit a great deal
tions. Donors should support as appropriate requests complementarity, with institutional innovations needed
for backstopping, operating funds, methodologicalnot just to make TDT systems more responsive to
development, and broad dissemination of resultsfarmer needs, but to improve their contribution to the
Donors should also support administrative mechaachievement of broader social goals and objectives. This
nism that can respond quickly to requests for shortagain suggests a single coordinating mechanism or in-
term technical assistance, perhaps by drawing on \gestigator for these two items. The fourth item is very
wide pool of scientists or consultants with comple-institution specific, and investigation into potential inno-
mentary and to some degree overlapping skills, swation should be led by an African university that has
that the appropriate skill can be accessed in a timelgood links both with the TDT system in its country or
fashion. This pool should increasingly include Afri- region, and with U.S. universities for backstopping, at
can researchers trained in IA. the request of the NARI, RARI, other other institution
The second and third items require a combinatiorin the TDT system. The fifth item requires methodologi-
of theoretical and methodological development, empirical development and empirical application and validation.
cal application and validation, and dissemination and usé is best carried out by an investigative team the in-
of results as an integral part of research planning ancudes U.S. and African faculty, scientists and research-
implementation. The obvious interactions and synergiesrs representing universities and NARS. Dissemination
between these two items suggests that a single mecha-results should target donors and NARS, including
nism be used to coordinate work in these areas. Thepresentatives from Ministries of Agriculture, Trade,
studies themselves could be conducted by a grougnd other senior government officials most directly
which might include one or more representatives ofesponsible for the achievement of braod social goals.
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5. Conclusions

The past seven years have witnessed the emergence of income away from food production or purchase

a considerable literature on the impacts of African agri-
cultural technology development and transfer (TDT).
This document, evolving from two days of roundtable
discussions with many of the key contributors to this
literature, reviews and synthesizes this literature. Several
striking conclusions can be drawn:

1. No agricultural economy has developed in the B
absence of technical innovation in agriculture.

The implication is straightforward: African agri-
cultural TDT is a necessary component of African
development.

2. African agricultural TDT has had impact across
a variety of countries, commodities, and agrocli-
matic conditions.

This conclusion contradicts the conventional wis-
dom that African agricultural, and ergo African agricul-
tural TDT, has failed. It is based on the three findings:

B A rate-of-return (ROR) calculation based on so-B
cial-surplus measurement of benefits is an appro-
priate single measure of the impacts of agricultural
TDT relative to the costs of investmdROR cal-
culations with benefits based on improvements in
social surplus are the primary measure used in
guantifying impacts relative to costs. The ROR is
an appropriate choice for summarizing the benefits
and costs and their distribution over time. The
benefits included in social surplus measures include
impacts on household welfare such as improved
nutritional status and enhanced food security from
greater food production and productivity. But the
greatest effect of increased agricultural productiv-
ity, particularly among the poorest of the poor, is an
increased ability to reallocate labor and/or cash
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and toward the purchase of nonagricultural items—
health care, sanitation, improved housing, school-
ing for children, and the like. The social surplus
measure is specifically designed to approximate for
the impact of increases in agricultural productivity
on the entire spectrum of household welfare im-
provements.

ROR studies show that African agricultural TDT
has had impactAn ROR that is in excess of the
opportunity cost of generating the funds sup-
porting the underlying TDT—typically consid-
ered to be in the 2 to 15 percent (inflation ad-
justed) range—provides an economic justification
for the investments. The RORs to investments in
African agricultural TDT usually exceed 15 per-
cent, across a variety of countries, commodities,
and agroclimatic conditions. This provides sub-
stantive and quantitative evidence that invest-
ments in African agricultural TDT have gener-
ated impact and improved household welfare.
Ex-ante studies indicate that similar impacts will
be generated by current TDT activities.

Aggregate evidence suggests that the conven-
tional, pessimistic view of African agricultural
failure is overstatedA review of the aggregate
evidence, such as trends in food production,
shows that, even though agricultural performance
was poor in the 1970s and 1980s, there are
varied causes: isolationism, poor agricultural policy
environment, scattered droughts, unrealistic ex-
pectation, reorientation toward the African small-
holder, etc. More importantly, performance
seems to have improved considerably in the 1990s.
The improved performance is exemplified in more
rapid increases in total food production and pro-
ductivity, and increases in food production per
capita.



3. There is institutional failure in African na-  of the basics and nuances of the economic develop-
tional agricultural TDT systems: symptomatic of  ment process. Heads of state, ministers of agriculture
this failure is the inability to mobilize and orga-  and finance, and other policymakers have not listened
nize national resources for TDT. to their own economists. The failure to invest ad-
equate levels of resources in agricultural TDT is a
The fact that impacts have been generated meafailure to incorporate agricultural develoment as a
neither that the impacts have been generated in the maseaningful component of the national agenda.
efficient manner, nor that they impacts are as large or
positive as they could be. Impact studies show that
African agricultural TDT institutions and systems can5. Agricultural TDT is critical to the future of
make considerable improvements in effectiveness arfatoad-based improvements in the welfare of Af-
efficiency. Most notably, available funds are used poorlyican people.
and are inadequate. The two problems feed off each
other. If available funds are insufficient to stimulate the  Africa is on a cusp. Over the past two decades,
magnitude of changes desired for agricultural transfotarge numbers of African agricultural scientists have
mation, development, and economic growth, then fundeldeen trained, and some countries have institutionalized
programs necessarily have smaller impacts than thosmiversity programs with the ability to train enough
expected of them. Poor allocation of existing funds—scientists to meet national needs. Following structural
exemplified by low salaries, a lack of operating ex-adjustment programs, there is significant opportunity to
penses, and failure to allocate resources in accord witimulate agricultural transformation and broad-based
rationally established development priorities—will give economic growth. By increasing both the efficiency
national governments and donors pause when considerith which TDT funds are used and the magnitude of
ing whether to invest additional monies. TDT institu-the funds available, African governments can take a
tions have been slow to recognize and remedy their owgritical step towards an agricultural and economic trans-
shortcomings, not trusting policymakers to continudiormation that significantly improves the welfare of
funding if problems are admitted. It is imperative forcommercial farmers, smallholders, and urban consum-
broad-based agricultural growth that African agricul-ers. By failing to invest adequately in agricultural TDT,
tural TDT institutions put their houses in order, so thatAfrican governments have failed to make an investment
they are capable of accountably and efficiently handlingnecessary for transformation. Seeing this government
current and increased levels of funding. failure to provide adequate levels of TDT, large-scale
commercial farmers are more and more turning to
contracted or privatized research. The African small-
4. African national governments have failed to holder is too poor to participate in these activities and
invest adequate levels of resources in agricul- mustrely on public TDT. Inadequate funding for public
tural TDT. TDT means that the smallholder will not be able to keep
up. The scenario is unappealing: large-scale commercial
Agriculturally led development and technological farmers will be increasingly competitive internationally
progress in agriculture is not part of the nationalnd will reap the benefits of agriculture, but the small-
agenda for any African country reviewed. Rhetoricholder—the majority of African farmers—uwill remain
about agricultural and economic growth notwith-poor in the next century. The options are clear: it is now
standing, national funding for African agricultural up to African governments to implement their vision for
TDT is poor and getting worse. There is by now a2lst-century Africa.
well-trained cadre of African economists cognizant
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